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Studies related to wilderness
WILDERNESS AREAS

Under the Wilderness Act (Public Law 88-577, Sept. 3, 1964) and related
Acts, certain areas within the National forests previously classified as
"wilderness,"” "natural,” or "primitive" were incorporated into the National
Wilderness Preservation System as wilderness areas. The act requires the U.S.
Geological Survey and the U.S. Bureau of Mines to survey these wilderness
areas to determine the mineral values, if any, that may be present. Results
of such surveys must be made available to the public and submitted to the
President and the Congress.

This report discusses the results of a mineral survey of the Gros Ventre
Wilderness Study Area, Wyoming.
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MINERAL RESOURCES OF THE GROS VENTRE WILDERNESS STUDY AREA,

TETON AND SUBLETTE COUNTIES, WYOMING

By F. S. Simons, J. D. Love, W. R. Keefer, and
D. S. Harwood, U.S. Geological Survey,
and by C. L. Bieniewski, U.S. Bureau of Mines

SUMMARY

The Gros Ventre Wilderness §tudy Are located in the Bridger-Teton
National Forest, is about 230 mi“ (600 km ) in extent and is directly east of
the town of Jackson in west-central Wyoming. It comprises a large part of the
Gros Ventre Range, which rises between the Gros Ventre River to the northeast
and the Hoback River to the southwest, both tributaries of the Snake River.

Rocks of the area comprise granite, granitic gneiss, and some amphibolite
of Precambrian age; a section of Paleozoic sedimentary rocks—--mostly
limestone, sandstone, shale, and dolomite--about 3,500-4,000 ft (1,065-1,200 m)
thick which has representatives of all periods except the Silurian; a section
of Mesozoic sedimentary rocks, almost entirely sandstone and shale, totaling
about 13,000-15,000 ft (4,000-4,575 m) in thickness; and a section of Cenozoic
(Tertiary) sedimentary rocks that is probably as much as 13,000 ft (3,960 m)
thick. Bedrock is concealed by unconsolidated deposits of Quaternary age over
about 10-15 percent of the area.

Structurally, the Gros Ventre Range is a northwest-trending, broad
anticlinal arch with a gently dipping northeast limb, interrupted by several
folds asymmetrical to the southwest and by one fault of substantial
displacement, and a steeply dipping, thrust-faulted, and structurally complex
southwest limb. The central part of the range consists mostly of Paleozoic
rocks; Precambrian rocks are restricted to the southwest part, and Mesozoic
and consolidated Cenozoic rocks occur for the most part only well down the
flanks. Rocks at the southwest crest of the Gros Ventre are now 30,000-35,000
ft (9,150-10,675 m) above corresponding rocks in the adjoining Hoback Basin to
the southwest; this uplift took place along the northeast—-dipping Cache Creek
thrust fault and related faults in early Tertiary time.

No exploratory drilling for oil or gas has been done within the study
area. A well drilled recently on Granite Creek about 5 mi (8 km) southwest of
the study area has numerous shows of gas. Several other wells, all dry holes,
have been drilled within a few miles southwest, south, and southeast of the
area.



No mining has been done, and the only mining nearby has been a small
production of coal from the Little Granite Creek coal mine, 3 mi (5 km) south
of the study area. Prospecting for minerals has been done in Precambrian
rocks of upper Swift and West Dell Creeks, in phosphatic rocks of the
Phosphoria Formation at several places, in iron-rich shale of the Amsden
Formation on the ridge between Box and Bunker Creeks, and in Madison Limestone
in upper West Dell Creek.

Areas within the Gros Ventre Wilderness Study Area that have mineral
potential are shown on plate 3, figure 1.

The Little Granite anticline and the possible extension of its northeast
flank beneath the Cache Creek thrust fault and inside the southwest border of
the study area have some potential for oil and gas, as suitable source and
reservoir rocks occur in several formations in the anticline. No exploratory
drilling has been done on the anticline or its flanks near the area.

The other major potential mineral resource is phosphate rock iB th
Permian Phosphoria Formation. This formation underlies gbout 30 mi 80 km )
on the northeast side of the study area and another 8 mi“ (20 km ) in the
southeast. The phosphate rock in the formation constitutes a substantial
resource. The study area is estimated to contain at least 500 million tons
(450 million t) of phosphate rock, 3 ft (0.9 m) or more thick and containing
more than 18 percent P,0:. Under the economic condition and mining technology
at the time of this study, the phosphate rock resources are classified as
identified, inferred, submarginal resources. The phosphate rock also contains
uranium, fluorine, chromium, and vanadium that possibly could be recovered as
byproducts.

Within the study area, outcrops of possible coal-bearing strata aEe
restricted to the Frontier Formation, in a locality of only about 2 mi
(5 km“); exposed coal beds are too thin to be of economic interest.

Red shales of the Pennsylvanian and Mississippian Amsden Formation
contain abundant nodules and disseminated grains of hematite (iron oxide) at
many places in western Wyoming., This formation is widely exposed in the
northeastern third of the study area and also forms several isolated outcrops
on ridge tops in the western third of the area., Hematite nodules were seen in
a few places, but the only concentrations that could possibly provide ore-
grade material were in a prospected area on the top of the ridge between
Bunker and Box Creeks. The hematite nodules here contain 50 percent iron, but
the proportion of nodules in the shale appears to be low and the area of iron-
rich shale is too small to be economically significant.

Stream—-sediment samples from upper West Fork of Crystal Creek contain
anomalous amounts of one or more of the elements lead, nickel, vanadium, and
zinc, and one sample from a small outcrop of altered Madison Limestone is
anomalously high in all these elements plus molybdenum and silver; however, no
mineralized rocks were recognized anywhere else in this drainage and the
significance of the stream—sediment samples is not clear. Rubble probably
derived from a small vein in Madison Limestone northwest of Pyramid Peak
contains anomalous amounts of barium, cobalt, manganese, molybdenum, nickel,
and vanadium,



No hot springs are known in the study area, although a few small hot
springs occur just south of the area along Granite Creek. The lack of heat
sources indicates that the geothermal energy potential is low.

Large quantities of high-quality limestone and dolomite exist in the
study area, but they are not considered as valuable mineral resources because
such rock is readily available nearer to markets in other parts of Wyoming.

INTRODUCTION

The Gros Ventre Wilderness Study Area, in the Gros Ventre Range of
northwestern Wyoming, is about 23 mi (37 km) 1ong in an eagterly direction by
21 mi (33.5 km) wide and consists of about 230 mi2 (600 km“) within the
Bridger-Teton N tional gorest (fig. 2). Most of the area is in Teton County
but about 35 mi (90 km“) is in the southeastern part is in Sublette County.

The study area is drained mostly by the Gros Ventre River and Flat,
Horse, Granite, and Dell Creeks and their tributaries. Altitudes range from
7,000 ft (2,140 m) at Granite Hot Springs to 11,682 ft (3,650 m) on Doubletop
Peak. Twenty peaks in the study area exceed 11,000 ft (3,350 m) in altitude,
and several dozen others are higher than 10,000 ft (3,050 m). High, steep-
walled canyons formed by glaciation transect the area, the more spectacular
ones being those of Granite and Crystal Creeks.

The climate of the study area is rigorous, and because of extreme cold
and heavy snowfall, access is restricted mainly to July, August, and
September. The principal uses of the area are recreation and cattle
grazing. No lumbering or mining has been done within the area.

The nearest highways are U.S. 187-189 (where U.S. 187 and 189 join as
one) along the Hoback River southwest of the study area and U.S. 26-89-187
(where U.S. 26, 89, and 189 join as one) along the Snake River west of the
area (pl. 3, fig. 3). Access to the study area is provided by unpaved roads
along Granite, Shoal, and Dell Creeks on the southwest side; along Cache,
Sheep, and Flat Creeks on the west side; and along Gros Ventre River on the
northeast side (this road is paved as far as Lower Slide Lake); and from the
Green River to Tosi Creek and Darwin Ranch along the east margin. Jackson,
Wyoming, the largest community near the study area, is about 6 mi (10 km) west
of the western boundary. The nearest railhead is at Victor, Idaho,
approximately 24 mi (39 km) west of Jackson.

Previous work

The first comprehensive geologic work was by St. John, who as a geologist
with the Hayden survey studied and described the stratigraphy and structure of
the Gros Ventre Range and the valleys of the Gros Ventre and Hoback Rivers
(St. John, 1879, p. 448-456; 1883, p. 208-227).

In work done by the U.S. Geological Survey for the U.S. Atomic Energy
Commission (now Department of Energy) in the early 1950's, Sheldon (1963)
estimated uranium and phosphate rock resources in the Permian rocks in western
Wyoming, including the Gros Ventre Range.



Figure 2.--Index map showing location of the Gros Ventre Wilderness Study
Area, Wyo. (crosshatched). Mountain ranges and basins of northwestern
Wyoming and adjoining parts of Idaho and Montana are shown.
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The mineral resources at two sites located about 5 mi (8 km) from the
Gros Ventre Study Area were studied by the U.S. Bureau of Mines in 1963. One
site is north of the study area where Cottonwood Creek enters the Gros Ventre
River, and the other is south of the study area where Granite Creek enters the
Hoback River; both localities were sites for reservoirs proposed by the U.S.
Bureau of Reclamation. According to the unpublished report on this study,
potential mineral resources at the sites include coal, phosphate rock, gold,
sand, and gravel.

As part of the U.S. Department of Interior's Heavy Metals Program in
1967, the U.S. Bureau of Mines did some bulk sampling to test for the recovery
of gold from the Cretaceous Harebell Formation, Cretaceous and Paleocene
Pinyon Conglomerate, and Quaternary alluvium derived from those formations in
northwest Wyoming. The nearest of these sampling sites to the study area is
about 4 mi (6 km) north of Crystal Creek. The results of the sampling
indicated that not enough gold was present to be recovered economically even
through improved technology. For most_of the sampleg, the gold values ranged
from a trace to less than $0.05 per yd~ ($0.07 per m~) based on a gold price
of $35 per troy ounce. Neither the Harebell Formation or Pinyon Conglomerate,
nor alluvium derived from these formations, crops out in the Gros Ventre
Wilderness Study Area.

Present investigation

Geologic mapping and sampling in the Gros Ventre Wilderness Study Area
were by the U.S. Geological Survey, and investigation of known or reported
mineral deposits and mining claims, including some sampling, was by the U,S.
Bureau of Mines.

Fieldwork by the U.S. Geological Survey was done during July and August
1975 by F. S. Simons, W. R. Keefer, D. S. Harwood, and J. D. Love, assisted by
N. A. Anderson and E. I. Dittmar. An aeromagnetic survey of the west half of
the study area and vicinity was made in 1965 and of the east half in 1973, and
a gravity survey was made in 1975. Geophysical data were interpreted by D. M.
Wilson of the U.S. Geological Survey and are given in a separate U.S.
Geological Survey Open-File Report.

Geochemical sampling was done concurrently with geologic mapping, and 560
rock and stream—sediment samples were collected. In addition, four samples of
Precambrian rocks were collected for radiometric age dating. Most analytical
work was done in the field under the supervision of W. L. Campbell, U.S.
Geological Survey. Uranium and thorium were determined in 66 rocks and 49
stream sediments by H., T. Millard and others, U.S. Geological Survey, Denver,
Colo., using a neutron activation method.

Prior to fieldwork by the U.S. Bureau of Mines, an examination was made
of land status records of the U.S. Bureau of Land Management in Cheyenne,
Wyoming, for information about mineral leases and patented claims, and a
search was made of records of Sublette and Teton Counties to determine
locations of unpatented mining claims. Personnel of the U.S. Forest Service
and Wyoming Geological Survey as well as owners of mining claims were
contacted regarding mining activity in the area. Fieldwork was conducted
during the summer of 1974 and in parts of August 1975 and July 1977. This
work consisted of reconnaissance in and around the area, examination of mining
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claims and mineralized areas, and sampling of prospect workings, rock
formations, and stream sediments. Warren Frush assisted in most of the
fieldwork, and Lowell Patten and R. Craig Smith of the U.S. Bureau of Mines
helped in 1975 and 1977, respectively,

Acknowledgments

The cooperation of officials of the U.S. Forest Service, U.S. Bureau of
Land Management, Wyoming Geological Survey, Sublette County, and Teton County
is gratefully acknowledged. The investigation also benefited greatly from
information supplied by local residents and mining-claim owners. Special
thanks is extended to Dr. Don MacLeod of Jackson, Wyoming, for valuable
information about the area and its history of mining activity.

GEOLOGY

Bedrock of the Gros Ventre Wilderness Study Area consists mainly of
Paleozoic sedimentary rocks; Precambrian granitic and metamorphic rocks
underlie about 9 percent of the area, and Mesozoic sedimentary rocks about 12
percent. Unconsolidated Cenozoic deposits——alluvium, talus, glacial deposits,
and landslide debris—-cover 10-15 percent of the area.

Precambrian rocks

Precambrian rocks crop out in two areas along the southwestern boundary
of the Gros Ventre Wilderness Study Area, one near Turquoise Lake and the
other around Shoal Lake, and in a very s?all areg south of Sheep Mountain;
total area of the outcrop is about 21 mi“ (55 km“). The Precambrian terranes
contain a wide variety of gneisses, which occur either as inclusions in
granite or as extensive tracts pervasively intruded by granitic dikes and
sills.

Biotite-hornblende gneiss (hgn) and biotite gneiss (bgn) near Turquoise
Lake are the oldest Precambrian units in the area. The biotite-hornblende
gneiss is a distinctly layered black and white amphibolitic gneiss that
contains small bodies of hornblende-clinopyroxene-plagioclase gabbro and of
serpentinite(s). The biotite gneiss is a well-layered to streaky rock
composed of plagioclase, quartz, and biotite. It contains layers rich in
muscovite, biotite, and sericitized porphyroblasts of andalusite. The
gneisses are intruded by strongly foliated granitic gneiss (gn) composed of
quartz, plagioclase, microcline, biotite, chlorite, and various accessory
minerals. Quartz of the gneiss has a bluish cast. This older sequence of
ortho- and paragneisses is intruded, in turn, by red biotite granite (bg) and
by gray biotite-muscovite granite (bmg). The biotite granite is red, pink,
salmon colored, or pinkish gray; is medium to coarse grained and locally
pegmatitic; and is composed of about equal amounts of quartz, microcline, and
plagioclase, and smaller amounts of biotite, epidote, apatite, sphene, and
zircon.



The biotite-muscovite granite is a gray, medium—-grained, equigranular to
somewhat porphyritic rock composed of quartz, plagioclase, microcline,
biotite, muscovite,i and the same accessory minerals as the biotite granite.
Red biotite granite predominates in the Precambrian terrane near Shoal Lake,
but occurs only as a few gently dipping sheets and numerous smaller dikes in
the older gneiss sequence near Turquoise Lake. Small, widely scattered
diabase dikes intruded the older gneiss sequence before the intrusion of the
granites.

Intense fracturing and rusty staining along a major west-northwest-
trending fault system in the Precambrian rocks are particularly evident on the
ridge north of MacLeod Lake. North-trending, highly silicified fault zones
probably were formed during Precambrian time, as pebbles of silicified breccia
from these faults occur in the Cambrian Flathead Sandstone. Many of the
north—- and northeast-trending faults contain magnetite/hematite and later,
east-trending faults contain widely scattered traces of green copper minerals.

Paleozoic rocks

Lithologic characteristics of the Paleozoic sedimentary rocks in the
study area are summarized in table 1, and additional details are given in the
text that follows.

Flathead Sandstone.--The Flathead Sandstone (Middle Cambrian) consists of
200-300 ft (60-90 m) of white, tan, brown, and maroon crossbedded sandstone
which is locally conglomeratic. Thin partings of green micaceous shale occur
in the upper part. The best exposures are in upper Gros Ventre River valley
and upper Flat Creek. Locally the formation is a cliff-former, but in most
places it is partly concealed by its own talus. The Flathead is unconformable
on weathered Precambrian granite.

Gros Ventre Formation.—-The Gros Ventre Formation (Middle Cambrian)
consists of three members, from oldest to youngest, the Wolsey Shale, Death
Canyon Limestone, and Park Shale. The Wolsey is green to gray-green, highly
fissile, micaceous shale about 100 ft (30 m) thick; locally it contains
abundant small brachiopods. The Death Canyon is a conspicuous cliff-former of
hard, blue-gray to dark-gray, fine-grained, thin-bedded limestone, mottled
with brown and tan irregular limestone blotches. At the base is a distinctive
bed of brown-weathering dolomite. A thin, green, fissile, micaceous shale in
the middle contains abundant trilobites. Total thickness is 300-370 ft
(90-115 m). The Park Shale Member consists of 150-350 ft (45-105 m) of green
to gray, highly fissile, micaceous shale. Some limestones and "edgewise"”
conglomerates of limestone fragments are present. At the base are numerous
algal heads as much as 5 ft (1.5 m) in diameter. The Gros Ventre Formation is
best exposed on Palmer Peak.
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Gallatin Limestone.--The Gallatin Limestone (Upper Cambrian) is locally
divisible into three units: a lower limestone unit (Du Noir Limestone
equivalent), a middle, green, fissile shale unit (Dry Creek Shale equivalent),
and an upper limestone unit (Open Door Limestone equivalent; Shaw and Deland,
1955). The formation is 200-250 ft (60-75 m) thick. The limestone units are
gray to blue gray, massive, and fine grained, and are conspicuously mottled in
brown and yellow. They contain abundant "edgewise” conglomerate and closely
resemble the Death Canyon Limestone Member of the Gros Ventre Formation. The
upper contact in many places is in the lower part of a cliff consisting mainly
of Bighorn Dolomite. The Gallatin locally forms cliffs, but in most places it
is concealed bengath talus and rockfalls from the overlying Bighorn Dolomite.
The formation is well exposed west of Darwin Peak, on the divides between
upper Gros Ventre River and Crystal Creek and between Flat and Granite Creeks,
and at the head of Dry Fork Creek.

Bighorn Dolomite.--The Bighorn Dolomite (Ordovician) is divisible into
two units, a lower light-gray, mottled, massive, fine-grained dolomite 280-350
ft (85-105 m) thick and an upper, thin-bedded, white to pale-gray dolomite
(Leigh Dolomite Member) 30~100 ft (9-30 m) thick. The Bighorn weathers to
very rough pitted surfaces and forms conspicuous white cliffs that show well-
developed jointing perpendicular to the bedding. This jointing makes the
Bighorn especially prone to rock falls; underlying formations in many places,
such as in upper Crystal Creek, are covered by enormous accumulations of talus
of Bighorn Dolomite fragments.

Darby Formation.--The Darby Formation (Upper Devonian) consists of
300-350 ft (90-105 m) of interbedded, thin-bedded, brownish-gray dolomite and
limestone; yellow, tan, and green shale, some showing conspicuous ripple
marks; and minor brown sandstone. Some of the carbonate rocks have a
petroliferous odor. Locally, near the top, is a bed of massive brown dolomite
50-60 ft (15 to 18 m) thick that weathers to a distinctive knobby surface.
Variegated shales are typical of the top of the formation. The Darby forms a
slope between cliffs of Bighorn Dolomite below and Madison Limestone above; it
generally is poorly exposed, and in many places is completely concealed
beneath talus of Madison Limestone.

Madison Limestone.~-The Madison Limestone (Mississippian) as mapped may
include in its upper part rocks equivalent to the Brazer Limestone of Utah and
to the lower Amsden red shale sequence of Wanless and others (1955, p.

30-31). The Madison Limestone consists of 800-1,100 ft (240 to 330 m) of
thick-~ to thin-bedded, light- to dark-gray, fossiliferous limestone, cherty to
locally very cherty limestone, and minor dolomite., Some limestone has a
petroliferous odor. The Madison is the most widespread formation in the study
area, the principal cliff-former, and the formation in which the rugged
topography, alpine scenery, and extensive upland surfaces of much of the high
Gros Ventre Range are best developed. Complete exposures of the formation in
steep to cliffy terrain occur in many places, particularly on Black, Darwin,
and Triangle Peaks and in upper Crystal Creek.
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Amsden Formation and Tensleep Sandstone, undivided.--The Amsden Formation
(Pennsylvanian and Mississippian) and Tensleep Sandstone (Pennsylvanian)
appear as a single lithologic unit on plate 1 because their contact could not
be consistently located. The map unit comprises, from bottom to top, the
Darwin Sandstone Member of the Amsden Formation (light-brown, crossbedded
sandstone), 50-100 ft (15-30 m) thick; the unnamed upper part of the Amsden
Formation (interbedded red shale and sandstone, gray limestone and dolomite
which locally contain large chert concretions and green to red hematitic
shale), 200-300 ft (60-90 m) thick; and the Tensleep Sandstone (light-gray to
white, fine- to medium-grained, crossbedded sandstone and light-gray, fine-
grained cherty dolomite), 300-350 ft (90-105 m) thick. Some shale beds in the
Amsden have abundant small pellets of hematite through a thickness of several
feet; these contain as much as 20 percent iron. The Darwin is commonly well
exposed at the top of the Madison Limestone cliff; the remainder of the Amsden
is poorly exposed but is easily recognized by its red hematitic shales; and
the Tensleep forms conspicuous cliffs and talus slopes. Many large landslides
in the Gros Ventre Range have originated by sliding of resistant Tensleep
Sandstone over weak shales of the Amsden.

Phosphoria Formation and related strata.——The Phosphoria Formation and
related strata (Permian) are lithologically the most diverse sedimentary unit
in the study area. For example, although it is in most places less than 200
ft (60 m) thick, the map unit contains sandstone, in part glauconitic, a thin
basal conglomerate, siltstone, mudstone, black shale, dolomite and limestone,
abundant chert including "tubular"” chert (Blackwelder, 1911), and phosphorite
and phosphatic shale. On Flat Creek about 3 mi (5 km) west of Sheep Mountain,
these rocks display, in a section 189 ft (58 m) thick, all five of the
lithologic units proposed by Sheldon (1957) as subdivisions of the Permian in
northwestern Wyoming; in this section the Phosphoria and related strata are
composed of about 35 percent chert, 20 percent fine-grained clastic rocks,
17.5 percent sandstone, 15.5 percent dolomite, 7.5 percent limestone, 3
percent phosphorite, and 1.5 percent miscellaneous carbonate rocks.

The Phosphoria Formation and related strata are poorly exposed in most
places and support little vegetation; however, they are well exposed where
they cross ridge crests, and the thicker chert beds in the upper part form low
cliffs throughout the outcrop area. The most extensive exposures are along
the south side of Bear Cabin Creek and on lower Crystal Creek (see fig. 10).
The map unit also is well exposed on the ridges between Dry Fork and Clear
Creeks and between Clear and Tosi Creeks. Tubular chert near the top of the
unit is spectacularly displayed on Clear Creek 2.3 mi (3.7 km) southwest of
Darwin Ranch. The upper chert-rich part of the Phosphoria tends to slump
where the underlying less resistant rocks have been eroded to steep slopes,
and huge detached blocks of chert as much as several hundred feet long occur
on several ridges, particularly those along Clear Creek.

Phosphate-bearing rocks in the Phosphoria Formation are discussed in more
detail in the section on mineral resources (p. 63-64).
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Mesozoic rocks

Lithologic characteristics of the Mesozoic sedimentary rocks in the study
area are summarized in table 2, and additional details are given in the text
that follows. Data obtained during our study are supplemented by information
derived from Foster (1947, p. 1562-1588); Love and others (1945a,b; 1948;
1951); Wanless and others (1955, p. 39-72); and Love (1956a, p. 76-83).

Dinwoody Formation.--The Dinwoody Formation (Lower Triassic) is
extensively exposed along the northern flank of the Gros Ventre Range and in a
few places along the southern flank near the southeastern margin of the
area. The thickness ranges from 200 ft (60 m) to more than 300 ft (90 m) .
Wanless and others (1955), however, reported only 100 ft (30 m) on Dell
Creek. This anomalously thin section has not been confirmed by later
studies. Typical lithology is tan, yellowish, pale-green, and gray dolomitic
siltstone, mudstone, and very fine grained sandstone. Outcrops weather to a
characteristic brown color and the rocks break into thin, hard, irregular
slabs.

The base of the Dinwoody Formation is marked by a sharp lithologic change
from cherty dolomite below to dolomitic siltstone above. The contact between
the Dinwoody and the overlying Chugwater Formation is difficult to pick
because a sequence of tan, red, and gray siltstones lies between typical tawny
Dinwoody Formation and red Chugwater Formation. Many pelecypods are present
along bedding planes.

The best exposures in the study area are on the ridge just east of Six
Lakes, where the Dinwoody has a massive cliff-forming sandstone about 25 ft
(8 m) thick at its base and contains much fine-grained, light-gray to
brownish-gray, crossbedded, dolomitic sandstone. The formation also is well
exposed on the south side of Tepee Creek near its head.

Chugwater Formation.-~-The distribution of the Chugwater Formation
(Triassic) in the Gros Ventre Wilderness Study Area is approximately the same
as that of the Dinwoody Formation. The thickness ranges from about
1,100-1,200 ft (335-366 m) on the flanks of the Gros Ventre Range to more than
1,700 £t (518 m) in the thrust plates of the overthrust belt along the
southwest margin of the area.

The Chugwater Formation is subdivided into four members: Red Peak at the
base, Alcova Limestone, Crow Mountain Sandstone, and Popo Agie at the top.

The Red Peak Member, 850-950 ft (259-290 m) thick, consists of red
gypsiferous siltstone and fine-grained silty red sandstone with some red shale
partings. Thin beds of white gypsum form conspicuous bands on the bright-red
slopes. Several thin beds of gray silty limestone or limy siltstone are near
the top.

The Alcova Limestone Member ranges in thickness from 5-40 ft (1.5-12 m)
and consists of gray and purple, laminated, impure, hard limestone with
interbeds of red and gray siltstone and white gypsum. The upper limestone bed
is widely persistent and provides an excellent stratigraphic marker. In many
places, the Alcova is slightly petroliferous.
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The Crow Mountain Sandstone Member overlies the Alcova and consists of
red to salmon-pink, soft, porous sandstone that contains large frosted and
rounded quartz grains in a finer matrix. The sandstone grades upward into
shale so the upper contact is arbitrary; the thickness is about 50 ft (15 m).
The Crow Mountain Sandstone Member yields oil in several fields 50-75 mi
(80-120 km) to the east and northeast.

The overlying Popo Agie Member consists of 100-200 ft (30-60 m) of ocher
and purple claystones, red shales, purple lenticular limestone pellet
conglomerates, and red siltstones.

The bright-red Chugwater Formation is the most conspicuous formation in
the study area, and together with the overlying bright-orange Nugget Sandstone
forms an unbroken line of colorful cliffs and steep slopes about 17 mi (27 km)
long on the northeast edge of the area along Crystal, Jagg, and Bear Cabin
Creeks and the Gros Ventre River.

Nugget Sandstone.--The Nugget Sandstone (Jurassic(?) and Triassic(?)) has
about the same distribution in the study area as the Chugwater Formation. The
Nugget ranges in thickness from 375 ft (114 m) in the southwesternmost
sections in the thrust belt to 125 ft (38 m) on the north flank of the Gros
Ventre Range. The formation wedges out abruptly 6 mi (10 km) still farther
north. One of the best sections is on Dell Creek in the southeastern part of
the area,

The Nugget consists of orange-buff to gray, massive sandstone that is
predominantly fine grained but which contains scattered large frosted and
rounded grains of quartz. Commonly it is crossbedded, soft, porous, and
permeable, and crops out in conspicuous cliffs on both sides of the range.

The age of the Nugget is uncertain because it contains no fossils or
other datable materials. The physical relations of the Nugget and Chugwater,
however, in central Wyoming suggest that the Nugget is entirely of Triassic
age (Love, 1957).

The Nugget Sandstone is one of the most important oil- and gas-bearing
formations in western Wyoming and so is of more than ordinary interest in the
Gros Ventre area. Azurite, malachite, and silver are present in several
places where the Nugget is bleached gray on crests of anticlines 10 mi (16 km)
and more southwest of the area (Love and Antweiler, 1973) but, although much
of the Dell Creek section is bleached, no copper minerals were seen there.

Gypsum Spring Formation.--The Gypsum Spring Formation (Middle Jurassic)
is present in broad exposures on the northeastern flank and in a few small
outcrops on the southern and southwestern flanks of the Gros Ventre Range. It
consists of 50-150 ft (15-45 m) of red shale, slabby gray dolomite and
limestone, and white gypsum. In outcrops, all the gypsum has been leached out
of the formation and beds of brecciated carbonate rocks are the chief evidence
that it once was present. In subsurface sections, the gypsum (and (or)
anhydrite) is invariably present, most of it in one basal bed 20-40 ft
(6-12 m) thick.
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Sundance Formation.--The Sundance Formation (Middle and Upper Jurassic)
has about the same areal distribution as the Gypsum Spring Formation and is
readily divisible into two mappable sequences, the nonglauconitic part
commonly called lower Sundance and the glauconitic part, the upper Sundance.
The lower sequence is 450-550 ft (137-168 m) thick on the north side of the
Gros Ventre Range and nearly 800 ft (244 m) thick on the south side in the
overthrust sheets. The rocks comprise gray, limy, plastic to splintery shale,
clayey limestone, hard oolitic limestone, and one or more zones of red, soft,
plastic shale. Marine fossils, chiefly pelecypods, are abundant at many
horizons and indicate a Middle and Late Jurassic age. The incompetent shales
are the sites of major landslides in the region.

The upper Sundance strata are 75-140 ft (23-43 m) thick and consist of
gray, buff, and green, highly glauconitic, very limy sandstone, and a few thin
beds of shale and limestone. Marine fossils are abundant throughout the
sequence. The age is Late Jurassic,

Morrison(?) and Cloverly Formations, undivided.--The Morrison(?)
Formation (Upper Jurassic) and Cloverly Formation (Lower Cretaceous) are
described and mapped as a single unit because no reliable basis for
subdivision was found. No fossils of Morrison age have been reported from the
area around Jackson Hole, but lithologic units and fossils characteristic of
the Cloverly make possible a good correlation of the upper part of the
sequence with that formation in central and northern Wyoming. Outcrops are
confined to the northeastern and southeastern margins of the area. The
thickness ranges from 600-700 ft (183-213 m).

Three distinctive lithologic sequences are present; the thickness of each
differs from one place to another, and the boundaries between the lower two
are locally gradational. The lower sequence, 185-250 ft (56-76 m) thick, is
buff and gray, chloritic, in part sparkly (quartz crystal) sandstone
interbedded with red, green, and gray siltstone and claystone. The overlying
sequence, 290-345 ft (88-105 m) thick, is characterized by variegated red,
gray, lilac-colored, and pink claystone and thin beds of hard, nodular, dense,
cream~colored limestone. Outcrops of the lilac-colored claystone have a puffy
appearance because of swelling of bentonitic layers. A 10-20 ft (3-6 m) unit
of white, hard, sublithographic limestone in the upper part of the lilac
claystone is an excellent horizon-marker, and contains abundant Lower
Cretaceous nonmarine invertebrate fossils. The uppermost sequence, 100-150 ft
(30-46 m) thick, is commonly known as the rusty beds member of the Cloverly.
It consists chiefly of olive-green, gray, and buff, thin-bedded sandstones
that weather with a conspicuous rusty color and contain abundant fucoidal
markings on bedding planes. These sandstones are interbedded with dark-gray
to black silty shales. At some localities a massive sparkly sandstone is
present at the base.

The rusty beds form a conspicuous dark-brown ragged cliff throughout most
of the area of outcrop, whereas the underlying variegated strata commonly form
slopes. The incompetent, bentonitic, lilac-colored claystones are a source of
many landslides in the area.
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The contact between the Morrison(?) and Cloverly Formations and the
underlying Sundance Formation is marked in most places by a change from marine,
highly glauconitic sandstone below to nonglauconitic, silty, probably nonmarine
sandstone and claystone above. This sequence has yielded major oil and gas
production in parts of Wyoming northeast, east, and south of the study area.

Thermopolis and Mowry Shales, undivided.——-The Thermopolis and Mowry
Shales (Lower Cretaceous) are mapped as a single unit. The lower formation,
the Thermopolis Shale, which crops out only along the northeastern and
southeastern margins of the study area, consists of two members, a lower black
shale member about 200 ft (60 m) thick, overlain by the Muddy Sandstone
Member, 50-70 ft (15-21 m) thick. The black shale is soft, fissile, flaky,
contains thin bentonite and sandstone beds, and is of marine origin. The
Muddy Sandstone Member is composed of gray and greenish-gray, very fine to
medium—-grained sandstone with lesser amounts of black shale and thin bentonite
beds. In some places it forms cliffs. The Muddy is one of the major oil-
producing sandstones farther east in Wyoming.

The upper formation, the Mowry Shale, is completely exposed only in one
locality along the southeast margin of the area. A partial section, except
for the uppermost beds, is on the divide between Shoal and Dell Creeks, and
another partial section, highly contorted, is exposed farther west along the
Cache Creek thrust fault. The thickness of the formation is probably between
600-700 ft (183-213 m). The rock is black, hard, siliceous shale that
weathers silvery gray, interbedded with lesser amounts of black, soft, fissile
shale, cream—colored bentonite, and hard, brittle, siicified tuff and
sandstone. The shale is characterized by abundant fish scales.

Frontier Formation.—-The Frontier Formation (Upper Cretaceous) is exposed
east of Dell Creek near the southeastern margin of the area, and the upper
part of the formation in the overriding block of the Cache Creek thrust fault
crops out over a small area on the high divide east of Shoal Creek. The
formation consists of about 1,000 ft (305 m) of drab, pepper—and-salt-colored,
fine-grained marine sandstone, interbedded with black to dark-gray shale and
thin beds of white and pink bentonite and porcellanite.

The outcrop east of Shoal Creek is of some interest because it contains a
sequence of coal and coaly shale about 8 ft (2.4 m) thick. The following
section was measured and sampled (unit 1 is oldest); sample numbers are the
same as the unit numbers.

Unit No. Thickness Description
in. cm
8 7 18 Claystone, dull gray, plastic, blocky, soft
7 12 30 Coal and coaly shale, black, soft
6 12 30 Coal, black, shiny, with partings of hard

carbonaceous mudstone; hard, and forms rib
on outcrop

20 50 Coaly shale, black, soft

16 40 Coal, black, soft, very shaly and impure

& i
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3 10 25 Carbonaceous shale and coal, black, soft

2 12 30 Carbonaceous shale and coal, black soft
1 6 15 Claystone, lead gray, soft, blocky, plastic
95 238 Total thickness of coaly zone

The coaly zone (unit 8 in the following section) is within a moderately
well exposed sequence of sandstone and shale which is described here because
the Frontier Formation is present in the subsurface all along the southwestern
margin of the Gros Ventre Wilderness Study Area and farther east in Wyoming is
one of the major oil-bearing targets. Unit 1 is oldest:

Unit No. Thickness Description
(feet) (meters)
11 10 3.0 Shale, gray, sandy, soft, grading up to dark-
gray claystone and shale
10 5 1.5 Sandstone, tan, limy, in part a coquina of

oysters, inoceramids, Cardium, etc., that
weather out as free specimens. This zone is
near the top of the formation in sections to

the north.

9 15 4.6 Sandstone, shale, and claystone, dull gray,
soft, highly fossiliferous in upper part

8 8 2.4 Coaly zone described above

7 3 .9 Claystone, dull gray, not distinguishable from
unit 1 in coaly zone

6 60 18.3 Covered interval; probably underlain by soft
rocks

5 20 6.1 Sandstone and siltstone, dull gray, fine

grained, pepper—and-salt appearance, nodular,
iron stained

4 20 6.1 Sandstone, bluish white, clean, sparkly,
porous, pepper—and-salt appearance,
crossbedded; forms prominent rib on outcrop

3 30 9.1 Covered interval; traces of black carbonaceous
and coaly shale

2 10 3.0 Carbonaceous shale, siltstone, and slabby very
fine grained sandstone

1 25 7.6 Sandstone, chalky white, soft, bluish on fresh

fractures, pepper—and-salt appearance; forms
ribs and dip slopes

206 62.6 Total thickness of measured part of section

The section east of Dell Creek is similar to that described above but is
very poorly exposed, and locations of the upper and lower contacts are only
approximate,

In the Mobil 0il Co., Camp Davis well, 7 mi (11 km) southwest of the Gros
Ventre Wilderness Study Area, below the overriding blocks of the thrust belt,
the Frontier has thickened to about 1,300 ft (396 m) and there is a porous
sandstone 150 ft (45 m) thick near the top of the formation. This part is a
good potential oil and gas reservoir rock along the southwest margin of the area.
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Cody Shale.--The Cody Shale (Upper Cretaceous) crops out only in one
locality east of Dell Creek, where a few hundred feet of the basal part is
exposed. Farther north in Jackson Hole, where it is better known, it consists
of about 2,000. ft (610 m) of soft gray marine shale with one persistent
sandstone 75 ft (23 m) thick, 400-500 ft (122-152 m) below the top (Love,
1956a). This sandstone contains shows of gas in Jackson Hole so it must be
considered as a potential reservoir rock along the southwest margin of the
Gros Ventre Wilderness Study Area. In the Mobil 0il Co., Camp Davis well, a
similar sandstone, about 150 ft (46 m) thick, is near the middle of the Cody
Shale.

Bacon Ridge Sandstone.—-The Bacon Ridge Sandstone (Upper Cretaceous)
crops out at one locality on the east side of Dell Creek. The base and top
are covered so the thickness is not known. Farther north in Jackson Hole, it
is more than 1,000 ft (305 m) thick (Love, 1956a, p. 80) and contains many
coal beds. In the Mobil well, mentioned previously, the lower 600 ft (183 m)
of the Bacon Ridge is present below the lowest thrust plate. The sequence
there consists chiefly of gray, pepper—and-salt-type sandstone that contains
seven coal beds 5-10 ft (1.5-3 m) thick. No coals were observed in the
section at Dell Creek, but exposures are so poor that some could have been
missed.

The Bacon Ridge is distinguished from younger Cretaceous sandstones in
that it has a pepper-and-salt appearance whereas the younger ones have many
brightly colored grains--red, green, orange, brown, yellow, white, and so
on. In addition, sandstones in the Bacon Ridge contain abundant white ornate
marine and brackish-water mollusks, whereas no such forms are present in
younger rocks.

Sandstones in the Bacon Ridge are as much as several hundred feet thick,
are soft and porous, and are prime reservoir rocks for oil and gas along the
southwest margin of the Gros Ventre Wilderness Study Area. Several thousand
cubic feet of gas per day were recovered from the Bacon Ridge Sandstone in the
Mobil, Camp Davis well. In Jackson Hole, a few large gas seeps are in the
Bacon Ridge, and core holes and oil tests yielded small flows of gas.

Coaly sequence and lenticular sandstone and shale sequence.-—An unnamed
coaly sequence and lenticular sandstone and shale sequence (Upper Cretaceous)
are present between the Bacon Ridge Sandstone and the Mesaverde Formation in
southeastern Jackson Hole, about 6 mi (10 km) north of the study area (Love,
1956a, p. 81). The coaly sequence overlies and intertongues with the
uppermost part of the Bacon Ridge Sandstone, is about 1,000 ft (305 m) thick,
and consists of nonmarine gray and brown sandstone, gray shale, and numerous
coal beds. The overlying lenticular sandstone and shale sequence consists of
about 2,400 ft (732 m) of lenticular gray sandstone and gray shale and
siltstone. Brown ironstone concretions are abundant. These rocks should be
in the section along and east of Dell Creek but no exposures were seen. They
are, however, believed to be present in the subsurface.

Several sandstone lenses in areas to the north are as thick as 100 ft
(30 m) or more. Hence they may have some oil and gas potential on the up-dip
parts of the Green River Basin along the southwest margin of the study area.
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Mesaverde Formation.-—-About 100 ft (30 m) of the Mesaverde Formation
(Upper Cretaceous) is exposed in the east bank of Dell Creek. Somewhat
thicker sections are present both to the southeast and also to the northwest
across Dell Creek. Because of a major intra-Cretaceous unconformity that
bevels the Mesaverde, its thickness varies from a wedge—edge to more than
1,000 ft (305 m) (Love, 1973, figs. 13-14). The thickness in the Dell Creek
area is not known because the base and top are not exposed in the same
locality, but at least 500 ft (152 m) is present. The formation consists
chiefly of fine- to medium—grained, light-gray to white sandstone whose
distinguishing features are a combination of color, porosity, cleanmess,
crossbedding, and brightly colored grains. Some gray, dull green, and pink
shale, claystone, and siltstone and thin coal beds are present.

The Mesaverde Formation has been intersected in several wells drilled
within 5-10 mi (8~16 km) south of the study area. Small shows of oil and gas
were found, and the sandstones are considered to be possible reservoir rocks
along the southwest margin of the area.

Harebell Formation.-—Outcrops of the Harebell Formation (Upper
Cretaceous) are confined to the Dell Creek area, where it overlies the
Mesaverde Formation. The contact is an unconformity of regional extent but
one that is not apparent in the local outcrops; for example, the Meeteetse
Formation, as much as 900 ft (274 m) thick, is present between the Mesaverde
and Harebell Formations in parts of Jackson Hole to the north. In the Dell
Creek area, the Harebell is at least 2,150 ft (655 m) thick and is overlapped
with an angular unconformity of 35° or more by the Eocene Pass Peak Formation.

The Harebell is easily distinguished from the underlying Mesaverde
because of the abundance of coarse-grained rocks--grits, pea-gravel
conglomerates, and coarse—grained sandstones——-that form the bulk of the
exposed section. Some individual, very lenticular conglomerate beds in the
basal part of the Harebell Formation on the east bank of Dell Creek are 15 ft
(4.6 m) thick. Clasts consist largely of hard, fine-grained, gray sandstones
and black and gray cherts of Paleozoic age; they are highly rounded and rarely
more than 2 in. (5 cm) in diameter. Between the conglomerates are some
fine-grained, massive to crossbedded, gray and tan sandstones and thin, gray
and black claystones and shales.

Part of the Harebell sequence has been penetrated in several oil and gas
tests within 10 mi (16 km) of the study area but no good shows were
encountered. Nevertheless, because of the thickness of soft, porous,
lenticular sandstones, the Harebell is considered to be a potential oil- and
gas—bearing sequence.

Cenozoic rocks

Lithologic characteristics of Cenozoic sedimentary rocks and
unconsolidated deposits in the study area are summarized in table 3, and
additional details are given in the text that follows.

Hoback Formation.—-The Hoback Formation (Paleocene) is divisible into
three sequences: an unnamed lower red conglomerate; the gray main part of the
formation; and at the top, the Skyline Trail Conglomerate Member of Dorr and
others (1977).
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Table 3.--Summary of geologic data on Cenozoic sedimentary rocks and

unconsolidated deposits of the Gros Ventre Wilderness Study Area, Wyo.

Lithologic Age Lithology and location
unit

Alluvium Holocene Fluvial deposits of silt, sand, and gravel along present
stream valleys. Extensive only in lower Flat and
Crystal Creeks and middle and lower Gros Ventre River;
upper parts of most dralnages are swept clear of
alluvium.

Talus Holocene Widespread and extensive deposits derived principally
from Madison Limestone, Bighorn Dolomite, and Tensleep
Sandstone. Very large accumulations on Flat, Granite,
Shorty, and Swift Creeks and in Hidden Basin.

Landslide Holocene Widespread accumulations of completely unsorted

deposits angular debris; comprises rockfalls, rockslides, and
earthflows.

Rock Holocene Tongue~shaped accumulations of rock debris that show

glaciers and transverse crescentic ridges indicative of recent

Pleistocene movement; some may be ice-cored. Five occurrences are

shown on plate 1; the largest, at the head of East Miner
Creek, 1s 0.9 mi (1.4 km) long.

Glacial Pleistocene Deposits of glacial debris near present canyon bottoms

till and at higher levels to as much as 2,500 ft (760 m)
above present canyon bottoms. Mainly along southwest
flank of Gros Ventre Range, also along and above Flat,
Crystal, and Granite Creeks. About 25 occurrences are
shown on plate 1, in addition to those along the
southwest edge of the area.

Strata of Quatermary Conglomerate, sandstone, variegated bentonite and

Shooting claystone; about 70 ft (21 m) thick. Small outcrops in

Iron Ranch upper Flat and Granite Creeks.

UNCONFORMITY

Teewinot Miocene Upper sedimentary limestone breccia; white to pink

Formation bentonitic sandstone, tuff, and claystone; basal
limestone-sandstone conglomerate; 250 ft (75 m) thick.
Only at extreme west end of study area.

UNCONFORMITY

Pass Peak Eocene Quartzite pebble, cobble, and boulder conglomerate;

Formation highly rounded clasts; 3,000+ ft (915+ m) thick.
Extreme southeast corner of study area.

UNCONFORMITY

Hoback Paleocene Skyline Trail Conglomerate Member, red cobble

Formation conglomerate, and variegated claystone and siltstone,

3,000 ft (915 m) thick; middle gray sandstone,
siltstone, and claystone about 10,000 ft (3,050 m)
thick, conglomeratic toward top; merges westward into,
and 18 overlain eastward by the Skyline Trail
Conglomerate Member; lower red pebble conglomerate

at least 400 ft (120 m) thick. Southwest edge of
study area.
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The lower red conglomerate is known only from one area east of Shoal
Creek and north of Tin Can Park. Exposures are poor because of abundant
landslides and steep terrain., The thickness is uncertain; about 400 ft
(122 m) is present but the base is not exposed. The top is cut off by the
Cache Creek thrust fault, which brings Frontier Formation onto the Hoback
conglomerate.

Some conglomerate clasts are rounded and others are angular. Almost all
are of noncalcareous rocks. A few are of white, soft, very fine grained
glauconitic sandstone similar to sandstones in the lower Sundance part of the
Jurassic Sundance Formation of central Wyoming. Some rounded boulders near
the top are 3 ft (90 cm) in diameter, but most are 1-2 in. (2.5-5 cm). Most
boulders are of gray, fine-grained, hard, homogeneous sandstone, probably the
Tensleep Sandstone. They are set in a matrix of brick red siltstone and
claystone.

The lower part of the conglomerate sequence contains a very distinctive
red and white, hard claystone and siltstone unit that weathers into unvegetated
badlands. No bedding planes are visible, and the debris apparently was dumped
with little or no sorting from the rising Gros Ventre arch to the north. Much
of the red color may have come from the Chugwater Formation.

The main part of the Hoback Formation is a thick sequence of gray to drab
alternating sandstones, siltstones, and claystones, perhaps 10,000 ft (3,050 m)
thick 1ia some places. Formerly it was thought to be 16,000 ft (4,900 m) thick
(Spearing, 1969), but some of the rocks assigned to the Hoback at the type
section may be the lenticular sandstone and shale sequence of Late Cretaceous
age (described above). The sandstones in the Hoback become progressively more
conglomeratic higher in the section and the claystones become pink. Most
clasts are of Paleozoic and Mesozoic rocks, are rounded, and commonly are 2 in,
(5 cm) or less in diameter. This conglomeratic sequence grades upward, and
westward laterally, into the Skyline Trail Conglomerate Member of Dorr and
others (1977).

The Skyline Trail Conglomerate Member is exposed in broad, steeply
dissected, treeless uplands on the south side of the Gros Ventre Range west of
Granite Creek. It consists of 3,000 ft (915 m) or more of red conglomerate
interbedded with red, gray, and green claystone and siltstone. The member
becomes progressively redder near the top. Nearly all the clasts are derived
from adjacent Paleozoic and Mesozoic rocks and are moderately rounded. Some
boulders are as much as 5 ft (1.5 m) in diameter but most are less than 1 ft
(30 em). From northwest to southeast, the conglomerate facies intertongues
with the main part of the Hoback Formation. On the Little Granite anticline
(fig. 10), the base of the conglomerate is only a few hundred feet above
Cretaceous rocks, whereas along Granite Creek to the southeast, it is at least
4,000 ft (1,200 m) above Cretaceous rocks. The thickness of the Hoback
Formation underlying the crest of the Little Granite anticline (fig. 10) is
unknown but, on the basis of adjacent outcrops to the southeast, it probably
totals no more than 500 ft (150 m).

Vertebrate fossils in the lower part of the Hoback Formation and mollusks

in the upper part indicate that it is of Paleocene and could possibly be
earliest Eocene age.
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Pass Peak Formation.--The Pass Peak Formation of Eocene age (Steidtmann,
1969) is present only in the extreme southeast corner of the study area. It
overlaps Upper Cretaceous rocks with an angular unconformity of 35° or more.
The Pass Peak Formation here is a conglomerate of well-rounded pebbles,
cobbles, and boulders of quartzite in a rusty-colored, coarse-grained
sandstone matrix. The thickness exceeds 3,000 ft (915 m) about 2 mi (3.2 km)
south of the Gros Ventre Wilderness Study Area.

Previously, the Pass Peak was thought to have been overridden by the Gros
Ventre Range along the Cache Creek thrust fault (Keefer, 1964), but our
studies show that the formation overlaps the mountain arch and that the Cache
Creek thrust diverges southward into the Green River Basin, as is shown on
plate 1.

Teewinot Formation.—-The Teewinot Formation (Miocene) is present only
along the extreme western margin of the Gros Ventre Wilderness Study Area but
it provides significant data needed to reconstruct the timing of sedimentation
and tectonism in the region during the latter part of Cenozoic time. The
basal 250 ft (75 m) of the formation is present on Table Mountain west of Flat
Creek; it thickens rapidly westward to more than 6,000 ft (1,830 m) in Jackson
Hole where it is involved in major folding and faulting. The Teewinot
overlies all older rocks with an angular unconformity.

The formation consists of a basal conglomerate of locally derived
Paleozoic rocks, chiefly Madison Limestone and Tensleep Sandstone, overlain by
white to pink, soft, bentonitic sandstone, tuff, and claystone that contain
some chalky white limestone nodules. The lower 100 ft (30 m) of conglomerate
was deposited in a channel cut into Paleozoic rocks and consists largely of
subrounded clasts as large as several feet (a meter or more) across. Within
the conglomerate are a few interbeds of gray, biotitic, limy sandstone and
pink tuff. The upper 100 ft (30 m) of the basal sequence is a breccia that
merges laterally with a detached mass of Madison Limestone nearly 0.5 mi (0.8
km) long that slid northeastward during deposition of the Teewinot Formation.

The Teewinot Formation was previously considered to be of middle Pliocene
age on the basis of abundant fossils and a K-Ar age of 9 m.y. (Love, 1956a, p.
91; Love and Reed, 1968), but the Miocene-Pliocene boundary is now considered
by Berggren and Van Couvering (1974) to be about 5 m.y., and by this
definition, the Teewinot would be of late Miocene age.

Strata like those at the Shooting Iron Ranch.--Strata like those at the
Shooting Iron Ranch (Love and Albee, 1972) are present at several sites near
the heads of Flat and Granite Creeks. This sequence overlaps all older rocks
with an angular unconformity and provides some important data on the recency
and magnitude of tectonism in the western part of the Gros Ventre Wilderness
Study Area. In this area, the sequence rests on Amsden, Tensleep, Phosphoria,
and Dinwoody Formations and at one place is overlain by glacial till.

The thickest and lithologically most informative section is at the head
of Granite Creek, where 72 ft (22 m) was measured. The strata consist of
alternating, locally derived, nonvolcanic conglomerate, very soft volcanic
sandstone, and pink, gray, green, and yellow bentonitic claystone.
Conglomerate clasts are as much as 1.5 ft (0.45 m) across, but most are much
smaller. The lithology of the sandstone and claystone is unique in the entire
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region. Both rocks contain abundant conspicuous red specks of an unidentified
mineral and blebs, inclusions, and laminae of bright-green and lemon-yellow,
waxy claystone. Elsewhere, this lithology is known only from the Shooting
Iron Ranch sequence on the floor of Jackson Hole and on the west flank of
Sheep Mountain 2 mi (3.2 km) west of the west boundary of the Gros Ventre
Wilderness Study Area. At the Sheep Mountain locality the beds are tilted
westward at an angle of 14°.

About 3,000 ft (915 m) northwest of the Granite Creek site is another
isolated remnant of these strata. At the base is 60 ft (18 m) of pink,
locally derived conglomerate containing a few interbeds of red bentonitic
claystone. At the top is 6 ft (1.8 m) of red, very plastic, bentonitic
claystone with one l1-in. (3-cm)- thick layer of creamy white, pure bentonite.

Sparse vertebrate fossils and several horizons of abundant mollusks found
east of the Gros Ventre Wilderness Study Area indicate a Quaternary age for
the sequence (Love and Taylor, 1962; Taylor, 1966). The fossils indicate that
the sequence is, in part, of lacustrine origin, and therefore was originally
deposited in a nearly horizontal position. Our interpretation is that it
extended nearly continuously from the head of Granite Creek to the floor of
Jackson Hole, and that it was warped and faulted to its present position by
later Quaternary tectonic movements. The altitude of remnants now range from
10,000 £t (3,050 m) at the head of Granite Creek to 6,000 ft (1,830 m) on the
floor of Jackson Hole.

Rock glaciers and glacial, landslide, talus, and alluvial deposits.——Rock
glaciers are shown at five localities on plate 1. They all occur at the heads
of deeply glaciated valleys and at altitudes of about 10,000 ft (3,050 m).

The higher parts of the Gros Ventre Range have been extensively glaciated
and, especially east of Granite Creek and south of the range, aprons of thick
till mantle the bedrock over large areas. Morainal debris is widespread along
bottoms and sides of glaciated canyons.

Landslides are present throughout the area. Especially vulnerable to
sliding are Cambrian, Triassic, Jurassic, and Cretaceous shales. The largest
earthflow in the area is along Mill Creek southwest of The Elbow, where the
Chugwater Formation and younger rocks have slumped over an area more than 2.5
mi (4 km) long and 1.5 mi (2.4 km) wide.

Locally derived deposits of talus are common on steep slopes in many
parts of the area. In a few places along the southern front of the Gros
Ventre Range, talus breccias are locally cemented and stand as cliffs.

Alluvial deposits are present as thin accumulations of locally derived
debris along stream bottoms.

Structure

The Gros Ventre Range is a broad, northwest-trending, asymmetrical
anticline that has a gently dipping, structurally simple, northeast flank and
a steeply dipping, structurally complex, southwest flank. Superimposed on the
northeast flank are various northwest~ to north~trending folds and faults,
some of which can be traced for 10-12 mi (16-19 km). On this flank, the
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principal structure is the broad-crested anticline along which an extensive
upland surface about 10 mi (16 km) long and as much as 3 mi (5 km) wide is
developed on Madison Limestone. The southwest flank of the range, in and near
the study area, is in most places a very conspicuous, steep and rugged
escarpment composed of Precambrian and Paleozoic rocks that have been uplifted
thousands of feet along the Cache Creek thrust and related faults.

In the northwest part of the study area, the topographic crest of the
range is along the southwest escarpment and consists mostly of Precambrian
rocks; in the southeast part of the area, the crest is also along the
escarpment, but no rocks older than Ordovician are exposed; and in the central
part of the area, the crest is not clearly defined but is located well
northeast of the escarpment and involves both Precambrian and Paleozoic rocks.

Structural relief within the study area is considerable and is the result
of uplifting by both folding and faulting. On the mountain block alone, the
structural relief on the Precambrian is about 8,000 ft (2,440 m). 1In
addition, from the Precambrian on the crest of the range to that under the
overridden northern margin of the Green River Basin may be as much as 20,000-
25,000 ft (6,100-7,600 m) (fig. 10).

Lesser structural elements in the Gros Ventre Range, Green River Basin,
and the thrust belt in and near the study area are, from northeast to
southwest, the Crystal Creek anticline, Pyramid Peak fault, Flat Creek-Granite
Creek syncline, Shoal Creek fault, Elbow Mountain fault, Cache Creek thrust,
Little Granite anticline, and Jackson thrust.

The Crystal Creek anticline is a highly asymmetrical fold that has a
gently dipping northeast limb and a southwest limb that dips as steeply as 65°
(pl. 1, secs. A-A' through F-F'). The fold has been traced from the head of
East Miner Creek southeastward and southward to the head of Crystal Creek, a
distance of about 12 mi (19 km).

The Pyramid Peak fault is named for excellent exposures below Pyramid
Peak on the high divide between Granite and Crystal Creeks. The fault has a
very sinuous trace but strikes approximately northwest. Its dip varies from
nearly flat, as on the ridge 1 mi (1.6 km) northwest of Pyramid Peak, to about
40°-45° SW (pl. 1, secs. C~C' and D-D'). The fault has been traced along the
strike for about 6 mi (9 km) but its location at either end is uncertain.
Movement along the fault is reverse, and at the place of apparent maximum
displacement, the Bighorn Dolomite is faulted against the Amsden Formation, a
stratigraphic throw of at least 1,300-1,400 ft (395-425 m). At two places
along the fault it is made up of multiple faults; 1 mi (1.6 km) northwest of
Pyramid Peak, slices of tightly folded Madison Limestone and Tensleep
Sandstone occur along the fault, and on the ridge crest near the south end of
the fault, several slices of Madison Limestone and Darby Formation mark where
the fault crosses from one side of the ridge to the other. Two small klippen,
remnants of the hanging wall of the fault, occur on the top of the Crystal
Creek-Granite Creek divide; the northerly one consists of brecciated Madison
Limestone resting on the Amsden Formation, Tensleep Sandstone, and Madison
Limestone, and the southerly one is made up of Darby Formation resting on
Madison and Amsden.
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The Flat Creek-Granite Creek syncline extends from Flat Creek, at the
northwest edge of the study area, southeastward to the study area boundary at
the mouth of Granite Creek canyon, a distance of about 12 mi (19 km). It has
a sinuous trace that varies in direction from northwest to north-northeast.
The syncline is asymmetrical, the northeast limb being somewhat steeper than
the southwest one, and the asymmetry is thus in the same sense as that of the
Crystal Creek anticline (pl. 1, secs. A-A' through E-E'). The fold is most
conspicuous in the middle part of Granite Creek canyon, where the 3,000-ft
(915-m)- high northeast wall of the canyon is a dip slope of about 25° on
Madison Limestone.

The Shoal Creek fault, in the southeastern part of the study area,
extends from the east fork of Swift Creek east-southeastward to upper Tosi
Creek, a distance of about 6.5 mi (10.5 km) . To the east, displacement on
the fault decreases, and the fault ends in the Tensleep and Amsden Formations.
At its west end, the fault appears to bend northward and to split into several
smaller faults, which finally end about 2.5 mi (4 km) north of the bend as a
series of minor breaks between Cambrian and Precambrian rocks. The Shoal Creek
fault dips moderately to steeply southward and has a displacement in a normal
sense of at least 4,000 ft (1,220 m). On the line of section G-G' (pl. 1) the
minimum stratigraphic throw is 2,000 ft (610 m), and 3,300 ft (1 km) farther
east along the fault the stratigraphic throw is about 3,300 ft (1,005 m).

The Elbow Mountain fault, in the southeast part of the study area, was
interpreted previously as a single fault that had a sharp bend at The Elbow
(Nelson and Church, 1943, p. 158, fig. 7; Keefer, 1964, p. D23-D24, fig. 2).
Recent investigations for this report, however, indicate that two separate
faults, the North and East Elbow Mountain faults, are present.

The North Elbow Mountain fault extends for at least 4 mi (6.4 km) south-
southeastward from the Shoal Creek fault along the southwest flank of the Gros
Ventre Range. The fault dips steeply (85°) and at its southernmost exposure
has a stratigraphic throw of more than 2,000 ft (610 m). Toward the north
end, displacement on the fault decreases and the fault either ends against or
joins the Shoal Creek fault. To the south, the fault disappears beneath a
large landslide.

The East Elbow Mountain fault extends from The Elbow east-southeastward
beyond the study area almost to the Green River (Keefer, 1964, fig. 2). At
its west end the fault trace is covered by landslide debris. The fault dips
steeply (70°) and has a stratigraphic throw of about 2,000 ft (610 m).

The Cache Creek thrust fault is the dominant structure along the
southwest flank of the Gros Ventre Range. Resistant Precambrian and Paleozoic
rocks above were thrust onto soft Mesozoic and Cenozoic rocks. This
relationship and subsequent erosion are responsible for the precipitous
southwest-facing range front that rises conspicuously above the Hoback
basin. As shown on plate 1, the fault extends from upper Cache Creek
southeastward to the divide between Shoal and Dell Creeks, a distance of about
17 mi (27 km) and is inferred to extend more than 4 mi (6.4 km) farther south
to Dell Creek. The fault is shown by Love and Albee (1972) to extend
northwestward along the front of the range past the town of Jackson and into
Idaho. The total length of the fault may be as much as 35-40 mi (55-65 km).
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Data available on the Cache Creek thrust suggest that the dip is between
30° and 45° northeastward, and a dip of 35° was assumed in constructing
sections B-B' through G-G' (pl. 1). Stratigraphic throw along the thrust
cannot be less than about 8,000 ft (2,440 m) (sec. G-G'), and if our
interpretation of the structure and stratigraphy in the southwest corner of
plate 1 is correct, then the throw is about 25,000 ft (7,600 m) (see fig. 10
and discussion, p. 64-65). Our estimates of stratigraphic throw and
displacement are considerably greater than those made for the Cache Creek
thrust or the Skyline Trail fault (we consider these to be the same fault) by
Nelson and Church (1943, p. 151, 153) and Horberg and others (1949, p. 196,
198); the difference results mainly from different interpretations of the
thickness of Cenozoic rocks overridden by the upper plate of the Cache Creek
thrust. Whatever the interpretation, we believe movement along the Cache
Creek thrust must have been substantial, of the order of miles rather than of
a few thousand feet.

The Little Granite anticline is discussed more fully in the section on
oil and gas potential and is noted only briefly here. The anticline trends
northwest across the southwest corner of the mapped area (pl. 1) for a
distance of about 5 mi (8 km). It lies entirely outside the study area but is
included in this report because of the possible occurrence of oil or gas on
its northeast flank under the Cache Creek thrust and beneath the study area.
At both its northwest and southeast ends, the anticline is overridden by
Paleozoic rocks in the upper plate of the southwest-dipping Jackson thrust.

At the surface, the fold i3 entirely in the Skyline Trail Conglomerate Member,
which here extends down nearly to the base of the Hoback Formation. Dips on
the flanks of the anticline are about 30°.

The Jackson thrust is exposed only in the southwest corner of the mapped
area (pl. 1) and, like the Little Granite anticline, is entirely outside the
study area. The fault strikes northwest and dips generally southwest, but
because of post-fault folding the fault trace is sinuous. Along the fault,
Paleozoic rocks as old as the Tensleep Sandstone and Amsden Formation are
thrust over the Skyline Trail Conglomerate Member of the Hoback Formation,
The Jackson thrust in this area is the structurally lowest of a group of
faults that together characterize the overthrust belt of western Wyoming and
eastern Idaho.

The structural history of the Gros Ventre Range and adjacent areas has
been presented in many papers, the most recent of which are Love and others
(1973), Love (1973), Dorr and others (1977), and Love (1977). The present
summary is taken from Love (1977).

The ancestral Teton-Gros Ventre uplift formed during Late Cretaceous time
as a broad northwest-trending arch that was continuous from the present Gros
Ventre Range to the present Teton Range. As the arch rose, some of the soft
Upper Cretaceous rocks were eroded from its crest prior to deposition of the
Upper Cretaceous Harebell Formation. In latest Cretaceous time, several
asymmetric folds with steep southwest flanks developed oblique to and low on
the northeast flank of the newly formed Gros Ventre Range; these are all
outside the study area. During two subsequent episodes of uplift, in
Paleocene and possibly earliest Eocene time, the Gros Ventre arch developed a
marked asymmetry, steeper on the southwest flank than on the northeast. Most
of the Mesozoic rocks were stripped from the arch and coarse clastic debris
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derived from Paleozoic rocks was deposited along the southwest flank to form
the lower unnamed red conglomerate and the Skyline Trail Conglomerate Member
of the Hoback Formation. These rocks were folded shortly thereafter into the
northwest—trending Little Granite anticline. At the same time, or perhaps
slightly later, the Jackson thrust plate moved northeastward over the
anticline. The dominant uplift of the Gros Ventre Range began during earliest
Eocene time when the northeast-dipping Cache Creek thrust developed and the
overriding mountain block moved southwestward, peeling back the Jackson thrust
plate. In early Eocene time, the southeast part of the Gros Ventre Range
continued to rise, and large angular masses of Paleozoic and Mesozoic rocks
were shed southeastward and incorporated in the Pass Peak Formation; there is
no evidence that the Cache Creek thrust cuts the Pass Peak Formation, although
most previous reports state that it does. The age of the normal faults in the
Gros Ventre Range--Shoal Creek, Elbow Mountain, and so on--is not known; they
involve no rocks younger than Triassic.

Post-early Eocene tectonic activity in the Gros Ventre Range occurred,
for the most part, west of the study area and is not discussed except for that
involving the lacustrine part of the early Pleistocene Shooting Iron Ranch
sequence at the head of Granite Creek (pl. 1). This locality is near the
crest of the Gros Ventre Range at an altitude of 10,000 ft (3,050 m), and the
sequence can be traced westward to the floor of Jackson Hole at an altitude of
6,000 ft (1,830 m). As this lacustrine sequence was deposited horizontally,
the difference in present altitudes is a measure of the amount of subsequent
relative uplift of the range. We infer that there was Pleistocene uplift of
the range as well as sinking of Jackson Hole.

GEOCHEMISTRY
Sampling and analytical program

Geochemical sampling by the U.S. Geological Survey consisted of the
collection of 560 samples comprising 283 rock samples and 277 stream—sediment
samples; about 85 of these samples were collected outside but close to the
study area. No pan concentrate samples were taken for this study but
previously many were collected as part of the Heavy Metals Program adjacent to
the Gros Ventre Range (Antweiler and Love, 1967; Antweiler and others, 1977).

Streamsediment samples were collected mainly at stream junctions or at
intervals of a mile or so along main streams. Tributaries to main streams are
for the most part widely spaced and many are merely steep dry gullies from
whjich no sedimegt could be obtained. Average sample density is about 1 per
mi“ (0.4 per km“). Most samples weighed from 4-8 oz (110-220 g). All were
dried and screened, and the minus—-80 mesh fraction was analyzed
semiquantitatively by emission spectrography for 12 elements and scanned for
18 others; these elements, their chemical symbol, and lower limits of
detectability are given in table 4. Because the detection limits for zinc
(200 ppm) and gold (10 ppm) are high, relative to the amounts that might be
expected in stream sediments, all samples were also analyzed for these
elements by atomic absorption. Finally, 48 samples were analyzed for uranium
and thorium by neutron activation.
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Table 4.——Name, chemical symbol, and lower limit of detectability of elements
determined by the semiquantitative spectrographic method used in analyzing
samples from the Gros Ventre Wilderness Study Area, Wyo.

[Limits of detectability in ppm (parts per million), except where indicated in
pcet (percent)]

Name Chemical symbol Lower limit
of detectability

Calcium Ca 0.05 pet
Iron Fe .05 pct
Magnesium Mg .02 pct
Titanium Ti .002 pct
Silver Ag )
Arsenic As 200

Gold Au 10

Boron B 10

Barium Ba 20
Beryllium Be 1
Bismuth Bi 10
Cadmium Cd 20

Cobalt Co 5
Chromium Cr 10

Copper Cu 5
Lanthanum La 20
Manganese Mn 10
Molybdenum Mo 5
Niobium Nb 20

Nickel Ni 5

Lead Pb 10
Antimony Sb 100
Scandium Sc 5

Tin Sn 10
Strontium Sr 100
Vanadium \' 10
Tungsten %) 50
Yttrium Y 10

Zinc Zn 200
Zirconium Zr 10
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Rock samples were collected from units of the following ages; the number
of samples of each age is given in parentheses: Precambrian (106), Cambrian
(14), Devonian (3), Mississippian (21), Pennsylvanian (37), Permian (57),
Triassic (4), Jurassic (7), Cretaceous (10), Paleocene-Eocene (5), Pliocene
(12), and Holocene (3). Ages of four rock samples are unknown. Samples
collected comprised 106 metamorphic and igneous rocks of Precambrian age, of
which 40 were altered or mineralized, 82 shales and siltstones of which 24
were black shales, 30 phosphatic rocks, 22 sandstones, 15 limestones, 2
conglomerates, 2 bentonites, 1 coal, 20 mineralized rocks of Cambrian and
younger ages, and three soils. Iron—-stained or otherwise mineralized or
altered rocks were sampled preferentially; however, except in some Precambrian
rocks, very little rock alteration was noted in the study area and most of the
Paleozoic and younger rocks sampled were unaltered. All samples were analyzed
spectrographically for 12 elements and scanned for 18 others, 65 were analyzed
by neutron activation for uranium and thorium, 39 were analyzed
colorimetrically for phosphorus, and 9 were analyzed by atomic absorption for
iron.

All analytical data are stored on magnetic tape and are available from
the National Technical Information Service (Simons and others, 1977). Stored
data include sample numbers as shown on plate 2, X and Y coordinates based on
the 5,000 m grid of plate 2, and a code letter or number for the drainage
basin from which the sample was collected (pl. 3, fig. 4).

The following terms are used in this report in discussing geochemical
data. Background is the range of amounts of a given element that is
expectable or normal for a given kind of sample in a given area and comprises
amounts less than a selected maximum, or threshold value. Samples that
contain the threshold amounts or more of an element are defined as
anomalous. For stream—sediment samples, the threshold values for the various
elements considered herein were selected so that at least 2.5 percent of the
samples contained threshold amounts or more (Lepeltier, 1969, p. 544). For
some elements, such as lead and nickel, this procedure probably results in too
many anomalous samples (10 percent for lead, 13 percent for nickel), because
if the next higher reported value had been used, then fewer than seven samples
would have contained anomalous values. Threshold values for various elements
in stream—sediment samples from the Gros Ventre Wilderness Study Area, the
number of samples containing at least those amounts, and the number of samples
containing more than threshold amounts are given in table 5.

For rock samples, no single threshold values could be chosen because of
the large differences in background contents of various elements in different
rock types. Instead, thresholds were selected for each of the major rock
types sampled and these values, except those for phosphorites, are shown in
table 6.

Because not all samples were analyzed for uranium and thorium, data on

these elements are not included here but are listed in the section on mineral
commodities.
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Table 5.--Threshold amounts of 13 elements in stream sediments from the

Gros Ventre Wilderness Study Area, and number of samples containing

at least threshold and more than threshold amounts

[Spectrographic analyses, except as noted, in parts per million (ppm). L,

detected but below limit of determination]

Number of samples Number of samples
Element Threshold containing at least containing more than
threshold amounts threshold amounts
Barium 1,000 8 1
Boron 150 18 3
Chromium 150 8 2
Copper 20 21 7
Lanthanum 100 10 5
Lead 70 29 1
Manganese 1,000 21 7
Molybdenum L 3 2
Nickel 30 35 6
Silver 0.5 4 4
Vanadium 100 20 2
Yttrium 50 20 8
Zinc 200/ 12 8

-l/Atomic absorption analyses.
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Table 6.-—-Threshold amounts of 13 elements in rock samples from the

Gros Ventre Wilderness Study Area

[Spectrographic analyses in parts per million (ppm). L, detected but below

1imit of determination]

Rocks
Element Precambrian Cambrian and younger
Black shale Shale Sandstone
Barium 1,000 500 700 200
Boron 70 300 300 70
Chromium 200 1,000 200 100
Copper 50 50 30 20
Lanthanum 200 150 100 100
Lead 70 50 30 20
Manganese 1,000 300 700 500
1,000/

Molybdenum L 15 L L
Nickel 100 100 70 30
Silver 0.5 5 0.5 0.5
Vanadium 150 200 150 100
Yttrium 200 100 50 50
Zinc L 700 L L

}jMesozoic rocks only.
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Results of stream-sediment sampling

The distribution of chromium, copper, lead, nickel, vanadium, and zinc in
277 stream-sediment samples is shown by histograms and cumulative frequency
curves in figure 5. Cumulative frequency curves for the same elements were
also plotted on log-probability coordinates (fig. 6) in order to see whether
threshold values might be derived from the curves (Lepeltier, 1969; Parslow,
1974). Curves for all elements except lanthanum are so nearly straight that
they yield no information on thresholds; the curve for lanthanum is very
irregular but has an inflection at 100 ppm and 98 cumulative percent
frequency, suggesting a threshold of 100 ppm, the same as in table 5.

Statistical data for barium, manganese, and yttrium are summarized in
table 7. Boron was determined only for samples that contained at least 70 ppm
(54 samples), and zirconium only for samples that contained at least 500 ppm
(13 samples). Silver was detected in only four samples, molybdenum in only
three, and gold in only two. The other elements listed in table 4 were
scanned spectrographically and either were not detected or were detected only
in background amounts.

On plate 3, figure 7 are plotted localities of all stream—sediment
samples (95) that contain anomalous amounts of one of the elements barium,
boron, chromium, copper, gold, lanthanum, lead, manganese, molybdenum, nickel,
silver, vanadium, and zinc. Copper, nickel, chromium, and vanadium appear to
be most closely associated among the elements considered, particularly copper
and nickel; lead is less closely associated with vanadium and lanthanum; and
zinc, barium, and manganese do not seem to be associated with any other of
these elements. These relations can be deduced from plate 3, figure 7 and
some of them are summarized in table 8.

Some other relationships also are evident in plate 3, figure 7. (1) The
most metal-rich samples, and those anomalous in several elements, are mostly
from Bunker and Swift Creeks, whose headwaters are underlain by weakly
mineralized or metal-rich Precambrian rocks (p. 46, tables 9 and 11), or from
drainages such as Jagg, Clear, and Tosi Creeks which are underlain by
extensive areas of metal-rich Phosphoria Formation (p. 49 and 54; tables 13
and 15). West Fork Crystal Creek is an exception because it is a large
drainage basin underlain almost entirely by Madison Limestone, yet it yielded
eight samples anomalous in at least one element of which six are anomalous in
lead, four each in nickel and vanadium, and two each in manganese and zinc.
No mineralized or otherwise altered rocks of any appreciable extent were seen
in this basin, although a small outcrop of limonitic siltstone containing
anomalous amounts of several elements was found in the south fork of the West
Fork (sample 0037, table 10). The source of the various metals is unknown.
Another exception is the upper part of the drainage basin of the Gros Ventre
River, from which eight samples anomalous in one or more of the elements
barium, copper, lead, manganese, nickel, or vanadium were collected; the area
is underlain mainly by Cambrian sedimentary rocks, some of which are known to
be high in barium, copper, and vanadium (tables 13 and 14). A possible
exception is the northernmost west—flowing tributary to Flat Creek within the
study area, in which four samples are anomalous in copper and (or) nickel, and
two are anomalous in boron. Only a small area of Precambrian rocks occurs in
this basin, but it could be the source of all three elements.
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Figure 5.--Histograms and cumulative frequency curves showing the distribution
of six elements in 277 stream—-sediment samples, Gros Ventre Wilderness Study
Area, Wyo. Means, medians, and thresholds are given for each element.
Abscissa for zinc is arithmetic, for other elements is logarithmic.
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Figure 6.--Log-probability graph of distributions of chromium, vanadium, lead,
lanthanum, nickel, and copper in 277 stream-sediment samples, Gros Ventre
Wilderness Study Area, Wyo.
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Table 7.--Means, medians, and thresholds for barium, manganese, and yttrium

in 277 stream—sediment samples, Gros Ventre Wilderness Study Area, Wyo.

Element Mean Median Threshold
Barium (Ba) 388 270 1,000
Manganese (Mn) 452 310 1,000
Yttrium (Y) 21 16 50

43



Table 8.--Relationships among eight elements in stream~sediment samples,

Gros Ventre Wilderness Study Area, Wyo.

[Column 1 lists the elements; the total number of samples anomalous in each element
is given in parentheses. Columns 2-9 give the numbers of samples that are

anomalous in the element at the head of each column]

1 2 3 4 5 6 7 8 9
Chromium Copper Lanthanum Manganese Nickel Lead Vanadium Zinc

Chromium (8) 8 5 2 2 6 3 6 4
Copper (21) 5 21 1 5 16 6 9 3
Lanthanum (10) 2 1 10 1 3 5 3 0
Manganese (21) 2 5 1 21 5 5 3 1
Mickel (35) 6 16 3 5 35 9 14 5
Lead (29) 3 6 5 5 9 29 10 2
Vanadium (20) 6 9 3 3 14 10 20 3
Zinc (12) 4 3 0 1 5 2 3 12
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(2) All samples anomalous in lanthanum are from drainages that head in
extensive areas of Precambrian rocks (Flat, Bunker, Swift, Shoal, and West
Dell Creeks), and the lanthanum apparently is derived from these rocks even
though only background amounts of lanthanum were detected in all but one
Precambrian rock analyzed.

(3) About one-half of the samples anomalous in boron, and six out of
eight samples anomalous in barium, also come from drainages heading in
Precambrian rocks; the boron probably is contained in tourmaline derived from
those rocks.

(4) About one-half of the éﬁmples anomalous in manganese are from
drainages underlain extensively by Chugwater Formation and Nugget Sandstone,
both of which are relatively high in manganese (table 14).

In summary, 95 of the 277 stream-sediment samples are anomalous in at
least one element. Eight of these samples are from drainages north of the
study area, and seven are from east of the study area. The anomalous elements
in most of the samples from within the study area can be interpreted either as
having been derived from widely but weakly mineralized Precambrian rocks or as
having been original constituents of rocks in the respective drainage
basins. High zinc in samples from West Fork Crystal Creek (samples 0041 and
0042) may have come from rocks such as sample 0037 (table 10) or from similar
rocks in the Madison Limestone, but the amounts of such rocks appear to be
very small. No likely source of lead in samples from both the north and south
branches of the West Fork Crystal Creek was recognized; most samples of
Madison Limestone contain no lead or only traces (p. 54). The high zinc
content of samples 0244 and 0245, from a tributary drainage in upper Crystal
Creek, likewise has no recognized source; this drainage basin is underlain
almost entirely by Madison Limestone, and the only altered material sampled in
the drainage (sample 0303) contained only background amounts of any element
except arsenic (table 10). None of the remaining anomalous samples appear to
be more than a random occurrence expectable with normal or lognormal
distribution of a given element in a group of samples.

Results of rock sampling

Localities of all rock samples are shown in plate 2, and localities of
all samples that contain anomalous amounts of at least one element of possible
economic interest are shown in plate 3, figure 8. Rock samples are discussed
in two groups, mineralized or altered rocks (plus soils), and apparently
unmineralized rocks.

Sampling of mineralized rocks
Samples of 60 mineralized or altered rocks and three soils were

collected; the rock samples comprised 40 from rocks of Precambrian age and 20
from rocks of Cambrian and younger ages.
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Precambrian rocks

Most samples of mineralized Precambrian rocks are from narrow fault or
fracture zones that cut granite and contain a little magnetite or hematite. A
few fractures contain pyrite or other sulfide minerals. Molybdenum has been
reported from upper Swift Creek but only traces of molybdenite (molybdenum
sulfide) were found. Small amounts of jade were found in upper Swift Creek;
the mineral was identified by Forest Root of the Wyoming Geological Survey.

Twenty-two samples in which unusual amounts of one or more elements were
determined are listed in table 9 and shown in plate 3, figure 8. The most
metal-rich sample is No. 3103, from a narrow fault zone in pink granite in the
headwaters of Bunker Creek 4,500 ft (1,375 m) northwest of Pinnacle Peak; it
contains 2 percent lead, is one of two rock samples in which tin was
determined (50 ppm), and is the only rock sample in which gold (20 ppm) and
bismuth (30 ppm) were determined. Although several samples indicate that some
mineralization has occurred in the Precambrian rocks (sample 3004--70 ppm
molybdenum, sample 3103--various metals; samples 3137, 3161, 3178, and 3184—-
500 to 3,000 ppm copper), none of the samples represents more than a small
volume of rock, and none of the occurrences is believed to be of economic
importance.

Cambrian and younger rocks

Samples of 20 mineralized or altered rocks ranging in age from Cambrian
to Permian and of three soils overlying major fault zones were analyzed
spectrographically, and eight of the rock samples were analyzed quantitatively
for iron. Sixteen samples in which unusually large amounts of one or more
elements were determined are listed in table 10 and are shown in plate 3,
figure 8. No unusual amounts of any element were found in any soil samples or
in four of the rock samples.

. Seven of the samples are of hematitic shale or sandstone, or of hematite
nodules, from the Amsden Formation. The highest iron content was 50 percent,
equivalent to about 70 percent hematite.

Sample 0282, loose lumps of fine-grained, soft, black material that
apparently is associated with a vein of banded calcite 3-4 ft (0.9-1.2 m) wide
cutting Madison Limestone north of Pyramid Peak, contains a peculiar suite of
metals--cobalt, nickel, vanadium, molybdenum, and a little copper, as well as
manganese and barium. The occurrence is near the Pyramid Peak fault and the
enclosing rocks are folded and faulted. Two small barren prospect pits are a
short distance downhill from the sample site.
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Table 9.-~-Samples of Precambrian mineralized or sltered rocks that contain anomalous amounts

of one or more selected elements, Gros Ventre Wilderness Study Area, Wyo.

[Spectrographic analyses, in parts per million (ppm).

leaders (-~), less than anomalous amounts]

L, detected but below limit of determination;

Sample Elements analyzed
No. Occurrence Ag Ba Cr Cu Mo Nt v Other clements
3003 HMematitic zone 2-4 in. (5-10 cm) wide, - - - 50 o= o= -
between gneiss and pink granite
3004 Magnetite veinlets in fault zome in - - - - 70 -~ 200
altered gray granite
3005 Magnetite-bearing fault zone in - - - - 15 e e
amphibolite
3103 Magnetite-bearing small fault zone 1in 1 - —_ -— == == -- 20,000 lead, 20
pink granite gold, 30 bismuth,
50 tin, 1,000
yttrium
3137 Limonitic breccia along major fault in 0.7 1,000 - 500 10 --= --
granite and gneiss
3147 Prospect pit on silicified magnetite- -- - - == == == 200 20 tin
bearing fault zone in pink granite
3154 Prospect pit in pyritic metavolcanic -- 1,000 - 100 <= =~  --
rocks
3161 Silficified fault zone 4 ft (1.2 cm) - - -= 3,000 == = @
wide containing carbonate cement
and chalcopyrite
3168 Prospect pit in silicified pink granite - - - -~ 20 -- 150
on fault containing magnetite
3169 Quartz-hematite veinlet in pink granite - - - == == == == 150 lanthanum,
700 yttrium
3177 Hematite veinlet in pink granite - - - -— 20 == 150
3178 Hematite veinlet in granite - - — 700 e= .- -
3181 Sulfide veinlet in granite - -- 2,000 100 -~ 100 -- 200 lanthanum
3182 Magnetite veinlet in granite -- 1,000 - R
3184 Siliciffed fault breccia in granite - - - 500 ~= w= o=
3187 Magnetite veinlets in fault in pink 1 - 500 == == 150 200 L zinc
granite
3188 Limonitic (magnetite?) fault breccia -- 1,500 - _— .= == =
in granite
3190 Magnetite veinlets in fault in pink - - -~ = == == 500 1,000+ lanthanum
granite
3193 Carbonate-cemented fault zone 30 ft - - 1,000 - == == == 5,000 manganese
(9 m) wide in pink granite
3195 Limonitic (magnetite?) fault breccila - - - -~ 20 -- 150
in pink granite
3198 Hematite veinlet in pink granite - - 150 -— == - -=- 70 cobalt
3213 Brecciated granite -- 1,000 - _— ,= .= ee
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Table 10.——Samples of mineralized rock of Cambrian and younger age that contain anomalous amounts

[Data for iron in percent, for other elements in parts per million (ppm).

absorption, other elements spectrographically.

of one or more elements, Gros Ventre Wilderness Study Area, Wyo.

Iron determined by atomic

L, detected but below limit of determination; n.a.,

not analyzed; leaders (--), less than anomalous amounts]

Sample Elements
No. Lithology Formation Ag Cr Cu Fe Mo Ni Pb v Zn Other

0037 Limonitic siltstone Madison 2 == == n.a. 70 200 70 300 500

0053 Jasperoid Phosphoria 1 -~ «= n.a. 20 == - —-— ==

0280 Hematite nodules  Amsden  — == == 2041/ 70 - 70 1,000 --

0282 Vein material Madison == == == n.a. 70 150 - 150 -~ 5,000 Ba, 5,000
asociated with Mn, 700 Co
calcite vein

0295 Limonite pellets Darby - == 70 42 - == - - -

0303 Fault breccia, —— == == NelBs e me = ~~ == 300 As
Pyramid Peak
fault

0304 Hematite nodules Amsden —— = == 46 150 -~ 100 1,000 ~-

0305 Hematite nodules Amgden - == -~ 50 150 =~ - 200 -~

0313 Hematite nodules  Amsden - == == 2041/ 150 = - 1,500 --

0343 Hematitic shale Amsden 7 700 200 .3 L 100 500 150 200

0344 Ocher veinlet Madison -~ 200 -~ 37 20 «- - 700 -~

0367 Nodular hematite Amsden — e e 7 —— . - —_— ==
bed

0368 Limonitic shale Amsden e 1 30 == - 500 -~

0379 Limonitic sandstone Amsden -~ == «= 20 ‘ 5 w= e - =-

0383 Fault zone Madison = == 300 neas == 06— - —_— =-

3176 Fault breccia Flathead == =~ <= n.a. 10 == == — -

AJSpectrographic analysis
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Sampling of unaltered rocks
Precambrian rocks

Samples of 66 Precambrian rocks comprise 32 of granite, 10 of
amphibolite, 5 of granitic gneiss, 5 of ultramafic rocks, and 14 of other
rocks, mainly mylonite and fault breccia. Twenty-six samples contain
anomalous amounts of at least one element, and these samples and the
respective elements are listed in table 11 and are shown on plate 3, figure
8. Anomalous amounts of beryllium, lanthanum, yttrium, and zinc occurred in
only one sample each, and no sample contained anomalous amounts of boron,
manganese, molybdenum, or silver.

Cambrian and younger rocks

Shales.--Shales of the study area were more thoroughly sampled than other
sedimentary rocks because of the possibility that they might contain economic
concentrations of various elements and might be a source of anomalous amounts
of these elements in stream—sediment samples (Krauskopf, 1955, p. 417, table
I1I; Vine and Tourtelot, 1970). Analytical results show relatively high
concentrations of some elements.

Eighty-one samples of shale and mudstone were analyzed; of these, 24 were
black shales, mostly from the Phosphoria Formation. Analytical data are
summarized in table 12. The Phosphoria black shales are higher in silver,
chromium, lanthanum, nickel, yttrium, and zinc than Vine and Tourtelot's
average black shale, are about the same in manganese, molybdenum, lead, and
vanadium, and are lower in barium and copper. They are appreciably higher, in
all elements but barium and manganese, than the non-black shales from the
study area.

Seventeen samples of black shale and 26 samples of other shale contain
unusually large amounts of at least one element; these samples and the
respective elements are listed in table 13 and also appear in plate 3, figure
8.

Sandstones, conglomerates, and siltstone.--The 22 sandstones sampled
comprise 5 of Flathead Sandstone, 4 of the Darwin Sandstone Member of the
Amsden Formation, 2 of the Amsden Formation, 4 of the Nugget Sandstone, 1 each
of the Sundance Formation, Cloverly-Morrison(?) Formations, and Mesaverde
Formation, and 4 of the Shooting Iron Ranch sequence. The two conglomerates
are from the Hoback Formation (Skyline Trail Conglomerate Member) and Shooting
Iron Ranch sequence, and the siltstone is a dolomitic variety from the
Chugwater Formation. The only unusual amounts of any elements found in these
rocks are shown in table 14, and sample localities are shown in plate 3,
figure 8. None of these amounts seem to be significant. A panned concentrate
of weathered rock at the base of the Flathead Sandstone at triangulation
station GROS (sample 2036, not shown on table 14) has 300 ppm lanthanum and
700 ppm yttrium, presumably contained in monazite and xenotime.
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Table 1l.~-Samples of Precambrian rocks that contain anomalous amounts of

one or more selected elements, Gros Ventre Wilderness Study Area, Wyo.

[Spectrographic analyses, in parts per million (ppm). L, detected but below

limit of determination; leaders (--), less than anomalous amounts]

Sample Elements ‘ Other
No. Ba Co Cr Cu Ni Pb -V elements

Granite and granitic gneiss

0003 - - - - - 70 -

3006 2,000 - - - - - -

3007 1,000 - - - - - —

3009 1,000 - - - - - -

3021 - 50 -- 70 100 - 2,000

3112 .+ -- 100 1,500  -- 100 - -

3123 2,000 - - - - - -

3124 == - ~ - - 150 200 Y, 70 La
3144 1,000 S - - — _—

3146 1,000 - - - - — -—

3151 - 100 - - - - 150 15 Be
3155 1,000 - - - - - -

3157 1,500 - — - - _— — \
3160 1,000 - - - — - -

3174 1,000 - _— - - - -

3208 1,000 - - - _— - -

3002 - - —— - 100 - —

3010 - 70 - - - - -—

3019 - - - 50 - - -

3106 - - - - 100 150 200

3108 - 70 5,000 - 500 - 150

3113 - - —— 50 - - 150

3138 1,000 - 200 - - - -

3153 - 70 2,000 -- 1,500 - - L zinc
3170 - 70 1,500 100 700 - -

3199 - 70 1,000 - 200 - -
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Table 12.-——Averape content of 13 elements in shales and mudstone samples,

Gros Ventre Wilderness Study Area, Wyo., and other_areas

[Gros Ventre samples analyzed semiquantitative spectrographically; element concentration in parts per millfon (ppm); (20),

lower 1imit of determination; L, detected but below limit of determination; N, not detected; --, no data avaflable)

Sample ag(-5) B(70Y)  Ba(20)  €r(10) Cu(5) La(20) Ma(10)  Mo(5) NL(5) Pb(10) V(10) Y(l0) Zn(200)
Black shale, Phasphoria 3/
Formation (12 samples?/) 3 165 275 800 25 75 140 12 80 25 130 70 5153
Range in content N-5 max. 500 70-700  200-  7-50 20-150 L-300 N-30  10-150 10-100 50-200 20-200 N-1,000

1, 500

Black shale, other 4 6

formations (4 samples®/) N 3/ 600 70 5 30 1708/ N 12 15 40 15 N
Paleozoic non~black

shales (37 samplesl’) N 1458/ 280 97 11 37 155 3 32 16 76 2210/ MU/
Range in content -~  wmax. 500 20-700 30-300 N-70 N-200 N-500 N-20  5-70  N-30 15-200 N-500 --
Mesozoic non-black 2 13/

shales (9 samplest/) N L3 470 57 8 21 620 N 16 17 60 16 N
Range in content ~-  max. 150 150-1,000 N-150 5-20 1L-30 15-2,000 - L-30 N-30 10-150 10-720 -
Cenozoic non-black

shales (10 samplesl/) N N 315 35 7 21 240 N 15 13 52 13 15/
Range in content - — 150-200 N-70  L-10 20-30 70-700 -~ 10-20  N-30 15-100 10-15 -=
Average shalelf/ .07 100 580 90 45 92 850 2.6 68 20 130 26 95
Average black sha}s,

U.S. and Canada’l <t 50 300 100 70 30 150 10 50 20 150 30 <300

-l-/Amounts <70 ppm not reported.

z-/Average of:

g,Includes four samples in which zinc was not detected.

A/Includes one sample of Park Shale Member of Gros Ventre Formation and three samples of Mowry Shale.

11 samples plus average of 9 samples from a single locality.

-élboron was reported only in sample 0048 (Park Shale Member, 200 ppm).

é,l7oea not include sample 2031 (Mowry Shale, 1,500 ppm).

l/Consists of samples from Phosphoria Pormation (4), Amsden Pormation (21), Msdison Limestone (1), Darby Pormation (2), and

Gros Ventre Pormation (9).

ﬁllncludes six samples thst contain <70 ppm boron.

-yﬂolybdenum was detected in only four samples, in amounts ranging from L to 20 ppm.

-lg-/l)ocs not include sample 0370 (Phosphoria Pormation, 500 ppm).
-u’ZInc was detected (L) only in sample 0366 (Amsden Formation).

B—/Consiats of samples from the Mesaverde Formation (2), Cloverly and Morrison Formations (1), Mowry Shale (1), Sundance Formstion

(2), Chugwster Formation (2), and Dinwoody Formation (1)

-l-ynoron waa reported in amounts 270 ppm in only three samples.

H/Connists of samples from ther Shooting Iron Ranch sequence (6) and Hoback Formation (4).

15/31ne was detected (L) in only thrce samplea.

-!—y'l‘urekian and Wedepohl (1961, table 2). Not taken from stndy area.
1—7/V1ne and Tourtelot (1970, table 3). Not taken from study area.
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Table 13.-~Samples of shale from the Gros Ventre Wilderness Study Area, Wyo.,

that contain unusually lsrge amounts of one or morc minor elements

[Data in parts per miliion (ppm); L,

shown 1in reapective columns]

detected but below limit of determination; leaders (--), less

than amounts

Sample Elenent
No. Formation Ag As B Ba (o] La Mn Mo N Po in Cr Cu v Y
Black shales
0016 Phosphorif~———mm————— -— 5 _— - -~ 50 150 [ U e 700 1,000 — -~ 200
0035 -=~do - - =- 700 -~ -- -— 20 150 ~~ 1,000 1,500 50 200 100
0048 Gros Ventre (Park Shale =--= 1,500 =~ 500 =~ == e —— — - m— -
Member)
0082 Phosphoria S _— = _— - - - 20 e~~~ -~ 1,000 -- 200 -~
0177 ~=d o~ - -~ 500 500 -~ -~ 300 30 150 -~ 1,000 1,500 S50 ~- -~
0291 Phosphorfa~———e——meeeeu~ - = == 500 -~ -~ -~ -~ - 100 =~ 1,500 -~ =~ .-
0301 ~~do- - - - - e == - 15 =~ — 1,000 _— e e -
0309 do- 5 - - ~~ 70 150 ~~ ~= =~ -~ 1,000 1,000 -~ ~~ 150
0329 d s — == == = 150 — e em em —— - =~ == 150
0406t/ -0 o= == 300 =~ S50 = 300 20 - - 700 — e e e
0405  Phoaphoria - — em e e - —_ 20 -~ - - — e me e
0407 do - -~ 300 —_— e - - 20 100 -= -- 1,000 S50 200 -~
0408 -=do- 5 — 300 — = e 300 20 100 -~ - - 50 200 -~
0411 do - ~- 300 _— e e~ 300 20 100 -~ - - 50 ~= -
0414 d - ~= 300 — == -= 300 20 100 -~ - e —
2029 Howry - —— == 700 - -- - em mm ee - — mm me e
2031 d - = == 700 == -~ 1,500 -~ @ ~- @ -- - — e mm e
Shales
0079 Amsd - - - —— - — e e e - = o~ == 70
olls Cros Ventre (Wolsey——== o= = == 700 — - = == ~= 30 -— - == == 50
Shale Member)
0176 Dinwoodym—cmemmcmnnn . —— - - e~ == =~ 2,000 ~~ -~ 30 - — e e -
0212 Cros Ventre (Wolsey~=ww= =~ -~ == 700 ~~ -~ - me em e - - m- == ea
Shale Msmber)
0213 Gros Ventre (Death~e—e-~ o= = == 700 ~~ - = == =~ 30 - — - e -
Canyon Limestone
Member)
0238  Phosphorda=~—=we—eme—wue  ~- - e mm e me T — — 200 -~  ~= -
0252 Sundance~=~==mww~-. - —~ == 1,000 =~ -~ _— =~ ee e - — = m. e
0253 Chugwater=s~=~—w—memueee = - - ~= o= == 1,000 ~= e~ -- - —— e e em
0283 Gros Ventre (Park Shale -~ ww =~ 1,000 ~~ @~ — = me e - ~~ 50 = -~
Member)
0287 Ansden: - -~ 300 - e - - 15 == - - L
0288 Amsden=~~~—rrmem e e - ~~ 300 . - - 5 e= e - —_— e m= e
0306 do - ~— - ~-— ~= 100 — = 70 -~ -— - - —-— 50
0366 -~do- - 1,000 -~ —-— - —— -~ 20 - - - -— == 200 -
0370  Phosphoria?/ceemeeemeuee - —— == == == 200 . —~ 300 -- 200 500
0384 Gros Ventre (Park Shale - ~~ 300 _— e - == 70 30 - - 70 =~ -
Member)
0387  Amsd - — e e e e - e - 30 - -— 30 == -
0402 Cros Ventre (Park Shale -~ -~ 500 — - = ~— == 70 - - -~ 30 150 -~
Member)
1001 Amsd - -~ 300 m— e - -— == 70 -~ - Ll
2001 Shooting Iron Ranche~~—= «- —— =- - = —— e e- L e
2003 do - - - - - - - —— = - L N
2005 Shooting Tron Ranch~—ewm - - - — = = —_— e m= e L - e— e -
2011 do ~-— - —— —-—— - - 700 ~~ -- e - -— - o el
2014 Hobacke—mmomemn e -~ ~— - —_— - - -~ = == 30 - - mm e -
2018 Cloverly aud Morrisoen(?) -~ - —— — e — e me o= - ~— == 150 -~
2020 Mesaverde——-—mmmm—cennns o -— =- 700 -- - = == == - - == =~ -
2032 Mowry - ~= == 700 =~ - _— e e e - L
-!-/Surples 0404 to 0414, inclusive, are from a section of black shale end phosphorite et a single locslity on

Clear Creck.

-?-/Alsa contains 200 ppm lanthanum.
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Table l4.~-Samples of clastic rocks that contain anomalous amounts

of gselected elements, Gros Ventre Wilderness Study Area, Wyo.

[Data in parts per million (ppm); leaders (-~), less than amounts shown in

respective columns]

Sample Element
No. Formation Lithology Ba B Cu Cr Man V Zn
0032 Amsden (Darwin—-—-—e=- Sandstone - —-— == == 700 == ==
Sandstone Member)
0033 ~=do —=do=——————— 200 70 == == -— == ==
0051 --do- ~ —ed Om——————— ~— 70 ~~ == —~— == e
0052 Amsden: ~=do~~m—mnaa ~— 70 -- 200 - e ==
0215 Flathead —~dO~—— e 700 _— == o~ —~— —— e~
0236 Nugget (bleached)~~~ Sandstone 200 — e~ e e
0237 --do —=dO~=~mm—mm 300 ~— m— a- —~— = =~
0254 Chugwater———=—mmm~—— Siltstone ~— -~ == =~ 1,000 «= @ ~-
0382 Amsden Sandstone 300 _— =~ o~ 700 ~= ==
1009 Nugget ~=do=—m———— ~- w~ e ~= 1,000 ~= -~
1010  Nugget Sandstone 1,000 100 30 ~- —-— == -
2004 Shooting Iron Ranch wmd O ~— ~= =~ 100 —— m- e
sequence
2009 ~-~do- e O~ 500 - wn - -~ 100 200
2019 Hoback (Skyline Trail Conglomerate - —— == m= 1,500 = =
Conglomerate
Member)
2023 Mesaverde==w——m—mm—= Sandstone 1,000 - e - = -
2033  Sundance Sandstone - — e e 700 -= ==
2034 Cloverly-Morrison(?) —=dO=r————— - —— == == 500 == @ —=
2035 Flathead ~—d Om—————— 700 _— == == — = e
2037 ~=do ~=dO=—m————— 1,500 ~— = e e T
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Love and Antweiler (1973) reported that the Nugget Sandstone, in places
south and west of the Gros Ventre Range, was bleached white to green on or
near the crests of anticlines and contained anomalous amounts of copper,
silver, and zinc. No similar combination of bleaching and structure was found
in the Gros Ventre Wilderness Study Area, although the Nugget is locally
bleached white, and copper was detected in only one sample.

Phosphatic rocks.—-—-Phosphorite and phosphatic mudstone and chert make up
a small part of the map unit Phosphoria Formation and related strata of
Permian age. This formation occurs extensively near the northeast edge of the
study area and also underlies smaller areas between Shoal Creek and Elbow Draw
in the southeast part of the area and near Horse Creek just southwest of the
area (pl. 1; pl. 3, fig. 9). Phosphorite samples, from 19 places along the
northeast outcrop belt and one site in the southeast outcrop area, were
analyzed for phosphorus and other elements, and analytical data on the 26
samples collected appear in table 15; data for 3 phosphatic mudstones and 1
phosphatic chert also are given, as well as modal values (see footnote 7,
table 15) for 60 samples of phosphorite from the Phosphoria in other parts of
the western United States. Phosphorites from the study area are noticeably
lower in copper, molybdenum, and nickel, and higher in lead than phosphorites
from other areas, but otherwise they seem typical in their minor element
content.

Other rocks.—-None of the 15 limestones (14 of Madison Limestone and 1 of
Phosphoria Formation) or the coal sample from the Mesaverde Formation contain
unusual amounts of any element., The average contents, in ppm, of 9 elements
in 14 samples of Madison Limestone are as follows; the maximum values reported
are shown in parentheses. No other elements were detected.

Barium 20 (200) Manganese 40 (200)
Chromium 1.4 (20) Nickel <1 (5)

Copper 2 (20) Vanad{um 6 (20)
Lanthanum 7 (20) Yttrium <1 (10)

Lead 3.5 (20)

Bentonites from the Hoback Formation and Shooting Iron Ranch sequence
contain 1,500 ppm and 2,000 ppm manganese, respectively.

MINERAL COMMODITIES

In this section the distribution, abundance, and economic potential of
fuels, minerals, metals, or other mineral commodities that were investigated
in the study area are summarized. 01l and gas possibilities are discussed at
some length, commensurate with our belief that a significant potential exists
near to, and perhaps within, part of the study area. Phosphate rock is also
treated in some detail because phosphatic rocks crop out over, or underlie, a
large part of the study area. Discussions of the metals are brief because
none of them is believed to have more than a very small economic potential.
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Table 15.--Amounts of selected clements in 26 samples of phosphorite, 3 samples of phosphatic mudstone, and 1 sample

of phosphatic chert, Phosphoria Formatfon, Gros Ventre Wilderness Study Area, Wyoming, and modal values in 60

samples of phosphorite from the Phosphoria Formation in the western U.S.

[Semiquantitative spectrographic analyses in parts per million (ppm), except as noted; lower limit of determinstion for each element

except phosphorus is given in psrentheses. L, detected but below limit of determination; N, not detected; leaders (—), no data)

§amp1e Thickness

No. (em) (in) RL/  ag(.5) B(702/) Ba(20) Cr(10) Cu(5) La(20) Mn(10) No(5) Ni(5) Pb(10) V(10) Y(10) 2Zn(200)
Phosphorites
0015 - - 12 N —-— 200 1,500 10 500 50 N 10 15 500 700 N
0017 30-60 12-24 9 3 70 300 1,500 20 1,000 150 N 50 20 70 1,000 1,000
0034 60 24 12 N - 200 1,000 15 500 N N L-3—/ 150 500 500 N
0054 15 6 12 5 - 200 1,000 15 500 30 20 15 100 500 500 N
0080 5-7.5 2-3 12 5 - 300 500 5 1,000 150 5 7 30 300 1,000 N
0081 10 4 12 5 - 150 700 30 500 50 7 30 20 100 700 500
0084 10 4 12 N -— 150 700 10 500 20 N 7 20 500 500 N
0103 - -— 12 N - 200 700 5 500 70 N 5 20 300 700 N
0124 S 2 3 1.5 - 200 1,000 10 700 50 N 15 500 300 700 N
0178 25 10 9 .7 - 150 500 15 500 150 N 50 30 70 300 1,000
0179 .o - 9 7 — 150 700 15 300 10 N 30 30 200 200 1,000
0204 5-15 2-6 9 2 - 150 500 7 200 100 N 5 200 200 500 N
0205 - - 6 1.5 -— 100 500 7 150 50 10 50 20 70 300 500
0290 300 120 12 2 - 150 300 L 200 10 N 7 30 100 300 L
0296 - few 6 1.5 - 50 300 7 200 50 N 20 15 50 200 500
0298 -— - 9 -] - 70 500 10 300 70 N 30 20 20 300 300
0300 60 24 12 N - 70 500 10 200 20 N 20 70 200 200 300
0302 - few 12 N - 150 300 L 200 70 5 5 20 150 300 N
0308 15-20 6-8 ] 1 - 70 300 7 300 100 N 30 20 50 300 700
0319 15 6 6 1 - 100 500 15 200 50 N 50 20 70 300 700
0327 - - 6 1.5 - 100 200 20 500 30 10 50 70 150 500 N
0328 — - 12 2 —— 70 700 30 200 L~ N 10 30 150 200 N
0369 120- 48-60 12 - - — - -— — - - - — - - -
150
0406 30 12 6 S 70 1,000 700 20 200 700 N 30 30 70 300 1,500
1002 15 6 9 N - 200 1,500 10 500 L L 10 70 200 500 N
1003 20 8 4.5 3 - 150 1,000 10 500 50 5 20 155/ 70 500 3006/
Average (unweighted) 9.3 1.9 - 150 705 12 415 51.i/ - 23 43= 195 460 320~
Modal valgﬁs in 60
samples— 13.4 3 - 100 1,000 100 300 30 30 100 <10 300 300 300 90(U)
Phosphatic mudstones
0318 45 18 .6 N 100 200 300 10 20 200 7 50 15 100 20 N
0409 30 12 .3 N 70 100 300 10 20 700 N 30 10 50 10 N
0412 30 12 .2 5 70 200 150 15 20 700 N 70 L 70 L 500
Phosphatic chert
2024 - - - N - 70 100 N 20 200 N 10 15 30 20 N

l/Values for phosphorus are in percent.
—2-5Amounta <70 ppm not reported.

3 For cslculating aversges, L 18 assumed to equal one~half of lower limit of determination.

%ﬁnoes not include sample 0406.

-/Does not include ssmple 0124.

$/The average zinc content for the 12 samples in which zinc was detected is 690 ppm.

2/The most frequent value reported in spectrographic anslysis; data from Culbrandsen (1966, tsble 1, col. 63).



No exploratory drilling for oil or gas has been done within the study
area. A well drilled recently on Granite Creek about 5 mi (8 km) southwest of
the study area had numerous shows of gas but it is uncertain as yet whether in
commercial amount., Two dry holes were drilled on Tosi and Rock Creeks,
respectively, a few miles southeast of the study area, and other dry holes
have been drilled a few miles to the south of the area. No mining has been
done within or near the study area except for a small production of coal from
a mine on Little Granite Creek 3 mi (5 km) south of the study area. The only
prospecting for mineral deposits seems to have been in the Precambrian rocks
of upper Swift and West Dell Creeks, in phosphatic rocks of the Phosphoria
Formation in several places, in iron-rich rocks of the Amsden Formation on the
ridge between Box and Bunker Creeks, and in Madison Limestone in upper West
Dell Creek.

0il and gas

The Gros Ventre Range is a Precambrian-cored anticlinal uplift that
separates Jackson Hole, a complex structural downwarp, on the north, from the
Green River Basin, one of the largest and deepest structural basins in
Wyoming, on the south. The Green River Basin contains many oil and gas
fields. The southwest flank of the Gros Ventre Range is marked by the Cache
Creek thrust fault, along which the range has overridden all potential oil-
and gas-producing horizons. The Wyoming-Idaho thrust belt, which impinges on
the southwest margin of the Gros Ventre Range, is a series of large thrust
masses of Paleozoic and Mesozoic rocks, without Precambrian cores, at least in
the Wyoming part. This belt has been the site of intensive oil and gas
exploration, beginning in 1976, when several productive fields were found in
overriding blocks in southwestern Wyoming.

Two features in or near the Gros Ventre Wilderness Study Area merit
discussion: (1) the Tosi and Rock Creek anticlines, which are in the Gros
Ventre Range, and (2) the north margin of the Green River Basin, which was
overridden by the Gros Ventre Range.

The Tosi Creek and Rock Creek anticlines extend eastward and
southeastward from the east margin of the area. The Tosi Creek anticline is
shown on plate 1 just north of the southeast corner of the map area; the Rock
Creek anticline is southeast of the map area. Both are eroded into the
Madison, and both were drilled to the Bighorn Dolomite. In the drill hole on
the Tosi Creek anticline, fresh water was encountered in the Madison (330 ppm
total solids) and Darby Formations (183-229 ppm total solids). These amounts
are less than that of Tosi Creek (530 ppm total solids) which flows along the
anticline (C. L. Baker, written commun., 1956), and the analyses suggest that
the anticline could have been flushed of all significant amounts of oil and
gas. No water analyses are available from the drill hole on the Rock Creek
anticline, but erosion into the Madison, the lack of major closure, the dry
hole, and similarity to the nonproductive Tosi Creek anticline suggest that
its oil and gas potential also is negligible.
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The most significant oil and gas potential of the Gros Ventre Wilderness
Study Area is in the part along and beneath the Cache Creek thrust fault.
Three types of o0il and gas traps (fig. 10) may be present here: (1) an
anticlinal closure on the Little Granite anticline, which disappears
northwestward under the Gros Ventre Range and extends southeastward out of the
area; (2) fault traps where reservoir rocks on the up-dip part of the Green
River Basin abut against the Cache Creek thrust; and (3) facies and porosity
traps in lenticular Cretaceous sandstones on the up-dip flanks of the Little
Granite anticline and on the up-dip part of the Green River Basin under and
adjacent to the Cache Creek thrust.

Little Granite anticline.--The Little Granite anticline, a structural
trap, has the most promise for oil and gas accumulation. Its relation to the
Gros Ventre Range, the Cache Creek thrust, and to the thrust sheets of the
thrust belt are shown in figure 10. An arbitrary thickness of about 500 ft
(150 m) of Hoback Formation is shown in this figure on the crest of the
anticline. The estimate is based on the position of the Hoback Formation
where it overlaps, with an angular unconformity, the Upper Cretaceous
lenticular sandstone and shale sequence and coaly sequence, about 2 mi (3 km)
southeast of the line of section. The northeast flank of the anticline
beneath the Gros Ventre Wilderness Study Area has not been drilled. One dry
hole in sec. 27, T. 39 N., R. 114 W., 4 mi (6.4 km) south of the study area,
was drilled to a depth of 4,590 ft (1,400 m), apparently on a separate fold en

echelon to the Little Granite Creek anticline.

The following variables are considered in our evaluation of the Little
Granite anticline:

1. Reservoir rocks. Potential reservoir rocks are listed in
stratigraphic order:

Unnamed lenticular sandstone and shale sequence and coaly
sequence. Unpredictable because of lenticularity of
sandstones. Some sandstones are known to be more than 100 ft
(30 m) thick, and if they occur in a good structural position on
the anticline they might yield oil and gas.

Bacon Ridge Sandstone. A prime target for oil and gas explorationm.
Sandstones are thick, porous, permeable, largely marine, and are
underlain by several thousand feet of marine Cody Shale which is a

good source rock. Large gas seeps occur in this sandstone in Jackson

Hole, and core holes and oil tests found small amounts of gas.

Cody Shale. A sandstone about 150 ft (45 m) thick is in the middle
of the Cody Shale. It is generally fine grained and tight but is
overlain and underlain by thick marine shale that is a good
source rock. Either it or a similar sandstone in a comparable
stratigraphic position yielded small gas shows in wells in
Jackson Hole.

Frontier Formation. The Frontier is a prime target for exploration
in most of Wyoming. Sandstones in this formation yield large
amounts of o0il and gas in the Bighorn and Wind River Basins to
the east and southeast, and the La Barge platform and Moxa arch
areas to the south in the Green River Basin. The sandstones are
somewhat lenticular and have variable porosity and permeability.
In Jackson Hole, good shows of oil and gas were encountered in
wells on at least one anticline. A soft porous sandstone 150 ft
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Figure 10.—-Generalized structure section across the Gros Ventre Range, the
north end of the Green River Basin, the Little Granite anticline, and the
northeast margin of the Wyoming thrust belt. Section is approximately along
line D-D', plate l.
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(45 m) thick near the top of the Frontier is present in the Mobil
0il Co., Camp Davis well 7 mi (11 km) southwest of the Little
Granite anticline. If this sandstone and similar ones lower in
the section are present on the anticline, they would be excellent
targets.

Muddy Sandstone Member of Thermopolis Shale. This sandstone yields
ma jor amounts of o0il and gas in many parts of Wyoming., The Muddy
has good potential for production from stratigraphic as well as
structural traps owing to its lenticularity and variable porosity
and permeability. These factors are unknown in the area of the
Little Granite anticline but the Muddy could be a good target
because it is overlain and underlain by marine black shales that
are potential source rocks.

Morrison(?) and Cloverly Formations. Elsewhere in Wyoming, the
Cloverly Formation is a prolific producer of oil and gas.

Similar sandstones are present in the Little Granite area so they
are considered to be potential hydrocarbon reservoirs, especially
because they are overlain by marine black shale and underlain by
marine gray shale and petroliferous limy sandstone.

Nugget Sandstone. This is one of the prime targets on the Little
Granite anticline. The sandstone is thick, porous, and
permeable. Four mi (6 km) to the north in Jackson Hole, cores of
the Nugget on the Sohare anticline were oil-stained, and in the
thrust belt to the southwest there has been prolific production
of light o0il in several fields. The possibility for oil and gas
accumulation in the Nugget probably is excellent.

Phosphoria Formation and related strata. In the west half of
Wyoming, dolomites in the Phosphoria Formation and its
equivalents have yielded large amounts of high sulfur oil. The
closest good shows to the Gros Ventre Wilderness Study Area were
in the Kucera, Govt. No. 2 well on the Bacon Ridge anticline 4 mi
(6 km) east of the map area. Nonflammable gas (nitrogen) was
encountered in the Phosphoria on the Ramshorn anticline 10 mi (16
km) to the north. The Phosphoria equivalents are slightly
petroliferous, especially in the black shale and porous dolomite
facies, throughout the Gros Ventre Wilderness Study Area. On the
basis of these considerations, the Phosphoria and equivalents are
believed to be a prime target, but they would be deep, perhaps
12,000 ft (3,600 m) along the line of section (fig. 10).

Tensleep Sandstone. The Tensleep Sandstone, 300-350 ft (90-105 m)
thick, is a porous and permeable reservoir and is a major oil and
gas objective on this anticline. Generally the porosity and
permeability are best in the upper part of the formation.
Elsewhere in Wyoming, the Tensleep is a prolific producer of high
sulfur oil and gas. Slight shows of 0il were found in cores in
the upper part of the Tensleep in a well on the Red Hills
anticline 4 mi (6 km) north of the Gros Ventre Wilderness Study
Area. :
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Darwin Sandstone Member of the Amsden Formation. This sandstone is
70-100 ft (21-30 m) thick and has the same general appearance as
the Tensleep Sandstone except for being darker, coarser grained,
and less brittle. Although casehardened on some outcrops, it is
generally moderately porous in subsurface section. It was
saturated with highly volatile light o0il in the Kucera, Govt. No.
2 well on the Bacon Ridge anticline 4 mi (6 km) east of the Gros
Ventre Wilderness Study Area. This sandstone is considered to be
a moderately good target on the Little Granite anticline.

Madison Limestone. The Madison Limestone, which ranges in
thickness from 900-1,100 ft (275-335 m), is considered to have
major oil and gas possibilities. It yields high sulfur oil and
gas in many fields farther east in Wyoming. In the study area it
is petroliferous on all outcrops. Because parts of the limestone
section are easily dissolved by groundwater, it is the most
abundantly cavernous formation in the region. Zones of
significant porosity occur near the top and in the lower 100 ft
(30 m) of the formation. Partial sections were drilled on the
Rock Creek and Tosi Creek anticlines. Baker (1956; also written
commun., 1956) reported much water but no oil in the Madison.
Both anticlines, however, have been eroded into the Madison so
any oil probably escaped long ago to the surface or was flushed
out by the water.

Darby Formation. The Darby Formation, which ranges from 150-350 ft
(75-105 m) in thickness, has not yielded any appreciable amounts
of oil and gas anywhere in Wyoming, yet it cannot be
discounted. Dolomites throughout the area are petroliferous, and
wells on both the Rock Creek and Tosi Creek anticlines had oil
shows. Dolomites in the Darby on outcrop have very low porosity;
they would probably need to be brecciated to be a good reservoir
rock.

Source rocks. Source rocks are abundant, thick, and distributed
throughout the section from Devonian to Paleocene. They are described
in the section on reservoir and source rocks. Studies of vitrinite
reflectance (a measure of the amount of metamorphism of vitrain) by

oil companies show that none of many samples was even moderately
metamorphosed, and therefore (although dependent in part on depth of
burial and type of organic matter) they have the potential for yielding
0il and gas. Gas would be the most likely hydrocarbon to be found
below about 20,000 ft (6,100 m) owing to expected high degree of
thermal maturation.

Structural trap. The Little Granite anticline has more than 5,000 ft
(1,525 m) of reversal on both northeast and southwest flanks where it
can be measured (fig. 10). The amount of closure to the southeast is
not known and to determine it probably will require detailed mapping
south of the Gros Ventre Wilderness Study Area, as well as
geophysical work. To the northwest, the anticline disappears under
the Cache Creek thrust, which presumably closes it off somewhere
outside the southwest part of the study area.
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4. Age of folding. The Little Granite anticline was folded after
deposition of the Skyline Trail Conglomerate Member of the Hoback
Formation in early Eocene time before deposition of the Pass Peak
Formation., The anticline was overridden first by the Jackson thrust
and later by the Cache Creek thrust. In general, throughout
intermontane basins of the Rocky Mountain region, the old folds
(early Laramide) tend to be more prolific producers than the younger
ones. In terms of this perspective, the Little Granite anticline
would be intermediate in age.

5. Competence of fold. In the thrust belt area directly to the
southwest, none of the surface anticlines have roots that extend to
the Precambrian rocks. To the north, however, in Jackson Hole, all
the anticlines that have been drilled have roots into the Paleozoic
and presumably to the Precambrian. Without drilling, the presence of
Paleozoic roots under the Little Granite anticline cannot be
confirmed, but it is our opinion that the fold involves both
Paleozoic and Precambrian rocks, as is shown in figure 10. Whether
or not roots are present affects the number of potential oil- and
gas—-producing zones,

6. Effects of later tilting. Regional studies show that much of the
study area was tilted westward in late Cenozoic time, some parts more
than others (see discussion of the Shooting Iron Ranch sequence, p.
25-26). This tilting would increase the closure on the northwest end
of the Little Granite anticline and decrease it on the southeast
end. Presumably, this tilting occurred after oil and gas
emplacement, if any. To determine the original site of oil and gas
accumulation (where at least some of the oil and gas might still
remain), which is generally on the apex of an anticline, one must
rotate the fold upward and clockwise (in a model oriented in the
conventional northward direction). The amount of tilting of the
original water-oil interface (if any), the amount of oil and gas
migration after Pleistocene tilting, and the nature and effects of
water drive cannot be determined in an undrilled area. Whether the
time interval between Laramide folding and late Cenozoic tilting was
sufficient to stabilize the sites of any oil and gas accumulation
that may have occurred, and to prevent any Pleistocene migration, is
not known. Information on these subjects is critical to evaluate
correctly the oil and gas potential on the Little Granite anticline.

7. Depth of erosion. This is not a factor. Erosion has not exposed any
potential o0il and gas zones.

Traps against the Cache Creek thrust fault.--If the interpretation shown
on figure 10 is correct, there would be a minimum of about 5 mi (8 km)
displacement at the line of section along the Cache Creek thrust. On outcrops
there is a zone of intense to moderate brecciation of the rocks on both sides
of the fault, the amount depending on the brittle or plastic nature of the
rocks at a given site. Fault slices of Paleozoic and Mesozoic rocks, some
many thousands of feet out of stratigraphic position, have been dragged up
along the major thrust. Where shales are involved, they could effectively
seal off the main and subsidiary fault planes, thereby preventing leakage of
0oil and gas. Because of the thickness of sedimentary rocks (approximately
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4,000 ft (1,220 m) of Paleozoic, 15,000 ft (4,570 m) of Mesozoic, and 13,000
ft (3,960 m) of Paleocene) overridden by Precambrian along the thrust, there
is a likelihood of many zones of brecciation in which o0il and gas could have
accumulated and been sealed off against the thrust. Hydrocarbons could have
migrated up-dip as much as 15,000 ft (4,570 m) from the syncline between the
Little Granite anticline and the thrust. Thus, there are good possibilities
of 01l and gas entrapment against this fault, but more geophysical work is
needed to determine the dip of the thrust plane, structural complications
below the main thrust, and the depth of the syncline under the thrust.

Facies and porosity traps.—-Figure 10 shows the magnitude of up-dip areas
along the flanks of the Little Granite anticline and the syncline to the
northeast of it at one line of section. These up-dip areas will, of course,
vary in magnitude and steepness to the northeast and southwest of this
section, but it provides a useful example for discussion.

Evaluation of facies traps is dependent largely on adequate data on
regional and local lithologic variations in the rock units. Those most likely
to have facies traps are, from oldest to youngest, Morrison(?) and Cloverly
Formations, Muddy Sandstone Member of Thermopolis Shale, Frontier Formation,
Bacon Ridge Sandstone, lenticular sandstone and shale sequence and coaly
sequence, Mesaverde Formation, Harebell Formation, and the lower part of the
Hoback Formation. Until several deep wells are drilled on these up-dip
flanks, the possibilities of o0il and gas accumulation in such facies traps
cannot be evaluated.

Phosphate rock

The Phosphoria Formation of Permian age contains all known phosphate rock
in the study area. It is exposed intermittently near the northeast edge of
the area from lower Crystal Creek southeastward to the headwaters of Tosi
Creek (pl. 3, fig. 9), a distance of about 20 mi (32 km), where it dips gently
northeastward and ranges in thickness from 140-200 ft (45-60 m). It also is
present in the southeastern part of the study area between Shoal Creek and
Elbow Draw, a distance of 7 mi (11 km), and in a small area at the head of
Horse Creek, just outside the western margin of the study area.

e Phosphoria Formation is estimated to underlie an area of about 30 mi2
(80 §m ) aloBg and within the northeast side of the study area. An additional
8 mi“ (20 km“) is present in the southeastern part; this estimate is
generalized because of structural complications.

Detailed sampling and measuring of sections of the Phosphoria Formation
in the southwest part of the study area was done by Blackwelder in 1911 (in
Sheldon, 1963). Additional sampling and measuring were done along the western,
northern, and southeastern borders by Sheldon (1957, 1963). As part of the
present study, phosphorite beds were sampled at 13 localities along the northeast
area of outcrop and at seven other places (pl. 3, fig. 9), and analytical data
on the 26 samples collected are presented in table 15. Phosphorite beds range
in thickness from a few in. (a few cm) to 10 ft (3 m), the thickest being
along the north and east outcrops. Most beds are 2-6 in. (5-15 cm) thick,
and only at five sampled localities are phosphorite beds more than 12 in. (30
cm) thick. The phosphorus content ranges from 3 to 12 percent (7 to 28 percent
PZOS)’ and the unweighted average is 9 percent phosphorus (21 percent PZOS)’
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In the vicinity of sample 0290 between Dry and Clear Creeks, where the
thickness of phosphate rock is 10 ft (3 m) and grade is 12 percent phosphorus
(28 percent P,0 ), and sample 0369 on East Miner Creek, where the thickness is
5 ft (1.5 m) anz grade 12 percent phosphorus (28 percent P,05), there is
likelihood of a significant tonnage of commercial grade phosphate rock,
depending on access and economic conditions. In most places in the study
area, the phosphorite beds are too thin and (or) too low grade or dip too
steeply to be of economic interest at present.

The possible economic significance of the minor elements in phosphorite
of the Phosphoria Formation has been noted by many geologists (Love, 1961;
Sheldon, 1963), and some values are summarized by Gulbrandsen (1966, p. 774-
776). The analytical data on phosphorites from the study area (table 15)
suggest that minor elements would contribute only marginally to the value of
the phosphate rock if it were to be mined. Nevertheless, analyses of mudstone
and phosphorite in the thrust belt facies of the Phosphoria about 6 mi (9.5
km) west of the study area show much higher contents of silver (as much as 70
ppm) and vanadium (as much as 0.35 percent) (Love and Albee, 1972, table 1).

Chromium and nickel

Chromium and nickel are discussed together because of their common
geochemical association. Anomalous amounts of chromium were reported in 8
stream—-sediment samples, 6 samples of mineralized rock, 6 samples of
DProcambrian rock of which 5 are amphibolites, and 11 other rocks of which 7
are black shales. Chromium also occurs in amounts of 200 ppm or more in all
phosphorite samples. The highest chromium content was 5,000 ppm, in a
Precambrian amphibolite (sample 3108). Anomalous amounts of nickel were found
in 35 stream-sediment samples, 5 samples of mineralized rock, 8 samples of
Precambrian rock of which 6 are amphibolites, and 10 samples of other rocks of
which 6 are black shales. Small amounts of nickel (maximum 70 ppm) also occur
in all samples of phosphatic rock. The highest nickel content, 1,500 ppm, was
in a Precambrian serpentinite (sample 3153). As noted on p. 33, the number of
stream-sediment samples anomalous in nickel may be much too large; perhaps it
should be only 6 rather than 35. Six of the stream-sediment samples anomalous
in chromium are also anomalous in nickel, as are 11 of the 23 rock samples.

Most of the rock samples containing anomalous chromium and (or) nickel
are either black shales or amphibolites, and the chromium and nickel are
considered to be primary constituents, because the amounts of both elements
are within the range commonly assigned to the respective rock types; for data
on amphibolites from a comparable terrane, see Armbrustmacher and Simons
(1977) and for data on black shales, see Vine and Tourtelot (1970).
Ultramafic rocks that are the typical hosts for chromium deposits are lacking
in the study area except for a few very small bodies of serpentinite in
Precambrian terrane at the heads of Bunker, Granite, and Swift Creeks, and
none of the nickel occurrences is believed to be significant. The probability
that even small deposits of either metal exist in the study area is extremely
low.
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Copper

Copper was found in anomalous amounts in 21 stream—sediment samples, 10
samples of mineralized rocks, and 15 samples of other rocks. The highest
copper content was 3,000 ppm (0.3 percent) in sample 3161 from a chalcopyrite-
bearing silicified fault zone 4 ft (1.2 m) wide in Precambrian granite. No
other sample contained more than 700 ppm copper, and most contained only 30-70
ppm. Chalcopyrite was seen at several places in areas of Precambrian rocks,
but only in amounts too small to be of economic interest. Concentrations of
copper in other rocks are very low (maximum 300 ppm), and no area warranting
further prospecting was revealed by stream-sediment sampling. The likelihood
that copper deposits of economic interest exist in the study area is therefore
very low.

Iron

Some prospecting for iron in hematitic red shales and mudstones of the
Amsden Formation has been done in the study area. The Amsden is 200-300 ft
(60~90 m) thick and occurs extensively in the northeastern 1/3 of the study
area and less extensively in the central and southeastern parts. The
proportion of the formation that consists of red beds is probably less than 10
percent.

Samples of shale and mudstone were collected from the Amsden at 22
localities. Analytical data on the seven more iron-rich samples appear in
table 10 and sample localities are shown on plate 3, figure 8. Data on
certain elements in the iron-rich samples are summarized in table 16. Data on
other samples that contain anomalous amounts of at least one element are given
in table 13.

The highest grade and probably the thickest section of iron-rich rocks is
represented by sample 0305, from the crest of the ridge between Box and Bunker
Creeks. A few small pits have been dug on these rocks, but the total area
that can possibly be underlain by Amsden Formation is confined to the narrow
ridge crest and could provide only a small tonnage of iron-rich material.

Nowhere in the study area does the iron-rich part of the Amsden Formation
appear to be either high enough in iron, or thick enough, to constitute a
potential iron resource.

A zone of shale containing abundant pellets of limonite occurs near the
top of the Darby Formation in upper Clear Creek. Only float was seen and the
thickness of the zone is unknown but must be small. A sample of the pellets
(table 10, No. 0295) contains 42 percent iron and a trace of copper.

The iron minerals magnetite, hematite, and limonite are abundant along
faults and fractures in Precambrian rocks of upper Flat, Granite, Bunker, and
Swift Creeks; but the amounts are too small to constitute possible sources of
iron ore.
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Table 16.——-Analytical data on samples of iron-rich rocks from the

Amsden Formation, Gros Ventre Wilderness Study Area, Wyo.

[Iron analyzed by atomic absorption, data in percent; molybdenum, lead, and
vanadium analyzed spectrographically, data in parts per million (ppm). L,

detected but below limit of determination; leaders (--), not detected]

Sample Thickness

No. Lithology in. cm Fe Mo Pb v
0280 Hematite nodules 1 2042 70 70 1,000
0304 Hematite nodules 3/ 46 150 100 1,000
0305 Hematite nodules Float 50 150 - 200
0313 Hematite nodules Float 20*2/ 150 -- 1,500

0343 Red shale containing
hematite nodules 8-12 20-30 J3 L 500 150

0367 Red shale containing
hematite nodules 6 15 7 - - -

0368 Rusty brown limonitic
shale 12 30 27 30 - 500

l/Collected from a bed 9 ft (2.7 m) thick; only a small part of the bed
is hematite nodules.

E/Spectrographic analysis.

g-/Collect:ed from a bed 10-15 ft (3-4.5 m) thick; the nodules are mainly
near the top.
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Lead

Lead occurs in anomalous amounts in 29 stream—sediment samples, 6 samples
of mineralized rock, and 9 samples of other rocks. The highest lead content,
20,000 ppm or 2 percent, was in a galena-bearing sample (3103, table 9) from a
narrow magnetite-rich fault zone in Precambrian granite in upper Bunker Creek;
no other sample of mineralized Precambrian rock contained anomalous amounts of
lead. The only other samples containing more than 100 ppm lead were one of
iron-rich shale (see section on iron) and one of unaltered Precambrian
amphibolite; three samples of phosphorite, for which no thresholds have been
established, also contain more than 100 ppm lead. Six of the anomalous
stream-sediment samples, all containing 70 ppm lead, are from upper West Fork
Crystal Creek; their significance is not known, but no mineralized rock of any
appreciable extent was recognized in that drainage. Most other anomalous
stream-sediment samples are from areas of Precambrian rocks and are believed
to reflect the original lead content of the rocks. Our sampling did not
reveal any area in which commercial deposits of lead are likely to occur.

Molybdenum

Molybdenum was detected in three stream—sediment samples, 18 samples of
mineralized rock, and 14 samples of other rocks, as well as in 8 samples of
phosphorite and 1 sample of phosphatic mudstone. The highest molybdenum
content was 150 ppm, in 3 samples of hematite nodules from the Amsden
Formation. The only molybdenum mineral identified was a trace of molybdenite
(molybdenum sulfide) at a prospect pit in Precambrian dark-green biotite
schist in upper Swift Creek. Many of the anomalous molybdenum analyses are of
iron-rich rocks (see section on iron) or of black shales. The other anomalous
samples are widely scattered and do not seem to point out any area of
potential economic molybdenum mineralization.

Uranium and thorium

The uranium and thorium contents of 48 stream—sediment samples and 65
rock samples were determined by neutron activation analysis. Analytical data
are summarized in table 17,

Localities of all analyzed samples are shown in plate 3, figure ll.
Among stream—sediment samples, 6 contained 5 ppm or more uranium, and 14
samples contained 15 ppm or more thorium; localities of these samples are
shown by separate symbols on plate 3, figure 11. All samples high in uranium
are also high in thorium. Among rock samples, 15 contained 10 ppm or more
uranium, and 15 contained 20 ppm or more thorium; localities for these samples
also are shown separately on plate 3, figure 11.
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Table 17.--Average uranium and thorium contents and ranges of contents,

in parts per million (ppm), and average thorium/uranium ratios,

of streamsediment samples and of five groups of rock samples,

Gros Ventre Wilderness Study Area, Wyo.

[Leaders (--), no data]

Average Range of Average Range of Thorium/
Sample type No. of uranium uranium thorium thorium uranium
samples content content content  content ratio
Stream sediments 48 3.6 1.2-37.4 13.4 1.5-39.5 3.7
All shales 38 6.9 0.5-86.5 11.4 3.5-25.3 1.7
Black shales 13 8.6 2.5-20.8 7.8 3.5-16.5 0.9
Phosphorites 11 69.6 31.6-115.0 15.5 2.3-35.1 0.22
andstone 1 1.5 - 7.8 - 5.2
Precambrian rocks 15 3.4 0.9-10.9 27.7 4,1-51.1 8.1

68



Of the six stream—sediment samples that are highest in uranium, five are
from drainages underlain by Precambrian granitic rocks. However, only one of
the Precambrian rocks analyzed contains above average amounts of uranium, and
the stream—sediment sample that has the highest uranium content, 37 ppm, is
from the Bunker Creek drainage, in which the highest uranium content of the
three rocks analyzed is 6 ppm. Nevertheless, the broad association of high-
uranium stream—sediment samples with Precambrian terrane suggests that the
uranium probably is a primary constituent of the Precambrian rocks and is not
indicative of uranium mineralization. Sample 0181, from a west-sloping
tributary of Granite Creek just upstream from Granite Hot Springs, contains 7
ppm uranium and 22 ppm thorium. The thorium could be derived from shales of
the Cambrian Gros Ventre Formation, which contain 15-25 ppm thorium, but the
source of the uranium is not known inasmuch as none of the rock formations in
the corresponding drainage basin is known to contain more than 5 ppm uranium.

All but one of the stream—sediment samples relatively high in thorium are
from drainages underlain extensively by Precambrian granitic rocks, or
Cambrian Flathead Sandstone, or both, and the thorium presumably is in heavy
minerals derived from these rocks. Sample 0195, from the inlet stream of
Brewster Lake in the Dry Fork drainage, contains 15 ppm thorium; the drainage
basin above is underlain mostly by lower Paleozoic carbonate rocks, and the
only likely source of the thorium is shale of the Devonian Darby Formationm,
which contains 7-11 ppm thorium.

Anomalous amounts of uranium or thorium in stream sediments do not appear
to be consistently associated with anomalous amounts of other elements. For
example, of the six samples highest in uranium, one is also anomalous in
copper and vanadium (sample 0001), one in lanthanum (sample 0149), and one in
nickel and boron (sample 0181), and three are not anomalous in any other
element. Among samples highest in thorium (other than the six that are also
high in uranium), one is also anomalous in copper and boron (sample 0050), one
in copper (sample 0195), one in boron (sample 0276), and one in barium (sample
0110), and four are not anomalous in any other element.

All but one of the uranium-rich rock samples (sample 3211, Precambrian
granite, 11 ppm uranium) are from the Phosphoria Formation, and all but one of
the samples containing 60 ppm or more uranium (sample 0370, of shale, 86.5 ppm
uranium) are of phosphorite. The average uranium content of phosphorites,
69.6 ppm, is somewhat lower than the 93 ppm reported for 75 samples of
phosphorite from the Meade Peak Member of the Phosphoria Formation by
Gulbrandsen (1975, table 10). Of the 15 rock samples that contain 20 ppm or
more thorium, 6 are of Precambrian granitic rocks and 5 are phosphorites; the
other 4 are shales, 2 from the Cambrian Gros Ventre Formation and 2 from the
Pennsylvanian part of the Amsden Formation. Except for sample 3206, of
Precambrian granite from the head of West Dell Creek (51 ppm thorium), none of
the thorium values is notably high and no thorium mineralization of economic
significance is indicated by our data.

Neither uranium nor thorium appears to be associated with unusually large
amounts of other elements in samples of Precambrian rocks. None of the six
samples relatively high in thorium contains anomalous amounts of any other
element, nor does the one sample moderately high in uranium.
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Vanadium

Anomalous amounts of vanadium were determined in 20 stream-sediment
samples, 7 samples of Precambrian mineralized rocks, 8 samples of Cambrian or
younger mineralized rocks, and 15 samples of other rocks comprising 6
Precambrian rocks, 7 Paleozoic shales, 1 Lower Cretaceous shale, and 1
Cenozoic sandstone. The highest vanadium content was 2,000 ppm, in a
magnetite-rich sample (sample 3201) from a fractured Precambrian granite.
Most anomalous stream—sediment samples are from drainages heading in
Precambrian terrane or underlain extensively by shale-rich sedimentary rocks,
and in these samples vanadium is associated with chromium, copper, and
nickel. Four samples from the West Fork of Crystal Creek are anomalous in
vanadium, and some of them are also anomalous in lead, zinc, and nickel (see
section on lead).

Eight of the 13 samples of Precambrian rocks that contain anomalous
amounts of vanadium are magnetite-rich, and 5 of the 8 samples of younger
mineralized rocks containing anomalous vanadium are hematite-rich (see section
on iron); vanadium seems clearly to be associated with iron in these samples.

Amounts of vanadium in shales and phosphorites from the study area are
typical for these rock types.

Zinc

Anomalous amounts of zinc were found in 12 stream-sediment samples, in 3
samples of mineralized rock, and in 11 samples of other rocks, mostly black
shales, as well as in 14 samples of phosphatic rocks. The highest zinc
content was 1,500 ppm in sample 0406 of phosphorite, and several samples of
phosphorite and black shale contained 1,000 ppm zinc. The highest zinc
content of rocks other than phosphorite or black shale was 500 ppm in sample
0037 of limonitic siltstone from upper West Fork Crystal Creek. None of the
rock samples is representative of a sufficient volume of rock to suggest zinc
mineralization of economic interest. The only stream-sediment samples for
which the likely source of the anomalous zinc content is not known are two
from a tributary of upper Crystal Creek (see p. 45). No area in which
economically interesting deposits of zinc are likely to occur was recognized
in the study area.

Other elements

Arsenic.--Arsenic was detected in only three samples: black shale from
the Park Shale Member of the Gros Ventre Formation (sample 0048, 1,500 ppm);
breccia from the Pyramid Peak fault (sample 0303, 300 ppm); and red hematitic
shale from the Amsden Formation (sample 0366, 1,000 ppm). Sample localities
are shown on plate 3, figure 8. The lower limit of detectability of arsenic
by the spectrographic method is so high, 200 ppm, that samples containing
appreciable amounts, perhaps as much as 100 ppm, might not be identified.

Barium.--Barium occurs in amounts of as much as 1,500 ppm in stream—
sediment samples and as much as 5,000 ppm in mineralized rocks, 1,500 ppm in
sandstone, 1,000 ppm in shale, and 1,000 ppm in phosphorite. Localities of
anomalous stream—sediment samples are shown in plate 3, figure 7, and those of
rock samples except phosphorite are shown in plate 3, figure 9. Six of the
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eight streamsediment samples anomalous in barium are from drainages that head
in Precambrian granitic rocks, some of which contain anomalous amounts of
barium (tables 9 and 11), and two are from the upper Gros Ventre River
drainage, an area underlain extensively by Flathead Sandstone which seems to
be consistently high in barium (table 14). None of the samples of mineralized
rocks contains unusually large amounts of barium. Other rocks of the study
area contain only ordinary amounts of barium (tables 12, 14, and 15). No
potentially economic deposits of barite (barium sulfate) are likely to be
present in the study area.

Beryllium.--Beryllium was determined spectrographically only in samples
that contained several times the lower detection limit of one ppm. It was
reported only in sample 3151 of a magnetite-rich mylonite zone in Precambrian
granite in upper Swift Creek; this sample contained 15 ppm beryllium.

Bismuth.--Bismuth was detected in only one sample in the amount of 30 ppm
(sample 3103, table 9).

Boron.-—-Boron was not considered important enough to be determined
spectrographically in every sample and, therefore, was reported only if it was
present in amounts of 70 ppm or more. Localities of anomalous samples are
shown in plate 3, figures 7 and 8. Amounts of 150 ppm or more were found in
18 stream~sediment samples; the highest amount was 300 ppm. More than half of
these came from drainages underlain extensively by Precambrian rocks, and the
boron probably is in the mineral tourmaline, which centains about 3 percent
boron. Other anomalous stream—sediment samples are scattered widely in the
study area.

Boron was reported in only one sample of Precambrian rock (mineralized
sample 3187, table 9, magnetite veinlets in granite, 150 ppm). It was
reported in amounts of 300 ppm or more in several samples of black shale and
shale (table 13) and in amounts of 70 ppm or more in four samples of sandstone
(table 14). Although the average boron content of shales and black shales in
the study area is somewhat higher than for those rocks in general (table 12),
the difference does not seem to be economically significant.

Cadmium.--Cadmium was detected in only five samples from the Phosphoria
Formation, three of black shale (samples 0016, 0309, and 0404), and two
samples of phosphorite (samples 0179 and 0406); localities of the black shale
samples are shown in plate 3, figure 8. All these samples also contain 700
ppm or more zinc, with which cadmium is geochemically associated. Amounts of
cadmium range from 50 to 100 ppm and are approximately proportional to amounts
of zinc. 1Inasmuch as zinc deposits of economic interest are not likely to
occur in the study area, the amounts of cadmium to be expected are likewise of
little economic importance.

Cobalt.-—-Cobalt was detected in 11 samples of Precambrian rocks, in
amounts ranging from 50 to 100 ppm. Seven of these samples are of mafic or
ultramafic rocks and the cobalt content is not unusual (Parker, 1967, p.

D13). The other four are of magnetite— or hematite-bearing rocks rich in iron
with which cobalt is associated geochemically.

The highest cobalt content reported was 700 ppm, in sample 0282 (table
10).
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Gold.~-Gold was detected in only one sample (3103) collected along a
fault in sulfide-bearing, magnetite-rich Precambrian granite. This sample
also contained lead, silver, bismuth, tin, and yttrium (table 9). Because the
lower limit of detectability for gold by spectrographic analysis is 10 ppm,
appreciable amounts of gold might be undetected in rock samples; on the other
hand, no gold was found in stream—sediment samples, which were analyzed by
atomic absorption having a lower limit of detection of 0.05 ppm. The study
area seems to be very low in gold, and no deposits are 1likely.

Lanthanum and yttrium.--Lanthanum and yttrium were analyzed
spectrographically in all samples in order to determine the abundance of the
rare earth metals. Lanthanum was found in amounts of 100 ppm or more in 10
stream—sediment samples (pl. 3, fig. 7), all of which came from drainages
underlain largely by Precambrian rocks (see p. 45). It occurs in the amounts
of 150 ppm in three black shales and 100 and 200 ppm, respectively, in two
shales (table 13). Lanthanum also occurs in all phosphorites sampled, in
amounts of from 150 to 1,000 ppm (table 15). A panned concentrate of heavy
minerals from weathered basal Flathead Sandstone contained 300 ppm lanthanum
as well as 700 ppm yttrium (see p. 49).

Yttrium was found in amounts of 50-100 ppm in 20 samples of stream
sediment, in amounts of 200 ppm or more in three samples of Precambrian rocks
(tables 9 and 11), and in amounts of 100-200 ppm in black shales from the
Phosphoria Formation, and 50-500 ppm in other shales (table 13). It also
occurs in all samples of phosphorite in amounts of 200-1,000 ppm (table 15).

None of the occurrences of either lanthanum or yttrium suggests that
economic concentrations of rare earth metals are likely to be found in the
study area.

Manganese.~~Manganese was determined in amounts of 1,000 ppm or more in
21 samples of stream sediment (pl. 3, fig. 7). The highest content was 5,000
ppm in sample 0130 from a tributary drainage of lower Gros Ventre River that
is underlain in part by the manganese-rich Dinwoody Formation, and several
other anomalous samples are from drainages underlain by manganese-rich
formations such as the Chugwater Formation and Nugget Sandstone.

Manganese occurs in amounts of 2,000-5,000 ppm in three samples of
mineralized rocks (tables 9 and 10); in amounts of 300-1,500 ppm in six black
shales, and in amounts of 700~2,000 ppm in three samples of other shales
(table 13); and in amounts of 500-1,500 ppm in seven samples of sandstone
(table 14). One phosphorite sample contained 700 ppm manganese, but most
contain only 10-100 ppm. Except in the samples of mineralized rocks, which
represent very small amounts of material, the manganese reported is believed
to be an original constituent of the rocks. No manganese deposits of
potential economic importance are expected in the study area.

Silver.--Silver was detected in amounts ranging from 0.7-5 ppm in four
stream-sediment samples (pl. 3, fig. 7); three of these samples are from
drainages underlain widely by the Phosphoria Formation which contains silver-
bearing black shale and phosphorite. Silver also was reported in six samples
of mineralized rocks in amounts of 0.7-7 ppm (tables 9 and 10). It also
occurs in the amount of 5 ppm in 5 samples of black shale from the Phosphoria
Formation (table 13), and in amounts of 0.5-7 ppm in 18 out of 26 samples of
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phosphorite from the Phosphoria (table 15). These occurrences of silver do
not seem indicative of silver mineralization of possible economic importance
anywhere in the study area.

Tin.--Tin was detected in only two samples, sample 3103 of sulfide-
bearing Precambrian rocks in upper Bunker Creek (table 9, 50 ppm), and sample
3147, from a prospect pit on a silicified magnetite-rich fault zone in
Precambrian granite in upper Swift Creek (table 9, 20 ppm). Neither
occurrence is of economic interest.

Coal

Outcrops of possible coal-bearing rocks are restricted to the southeast
corner of the studg area,zwhere they are exposed in or inferred to underlie an
area of about 2 mi“ (5 km“). Coal was seen only in the Frontier and Mesaverde
Formations. Coal beds in the Frontier are as much as 16 in. (40 cm) thick,
and a sequence of coal and coaly shale east of Shoal Creek is 7.8 ft (2.4 m)
thick (see measured section in discussion of Frontier Formation). Coal beds
of the Mesaverde also are thin. The area of possible occurrence of coal-
bearing formations within the study area is small, and the known coal beds are
too thin and shaly to be of economic interest.

Coal occurs in western Wyoming in several formations of Late Cretaceous
age (from oldest to youngest, Frontier Formation, Bacon Ridge Sandstone,
lenticular sandstone and shale sequence and coaly sequence, and Mesaverde
Formation). Some coal has been mined from a bed 4 ft (1.2 m) thick in Upper
Cretaceous rocks at the Little Granite Creek mine 3 mi (5 km) south of the
study area (Schroeder, 1976).

Construction materials

Small deposits of gravel and sand exist along the lower parts of Flat and
Crystal Creeks and Gros Ventre River in the study area, but none of these
materials has been produced. Vast amounts of suitable material are present in
much more accessible places along the lower Gros Ventre and Snake Rivers.

No rock of any kind has been quarried within the study area, although
large amounts of construction material have come from quarries in volcanic and
sedimentary rocks to the west around Jackson (Love and Albee, 1972). Although
some of the Precambrian crystalline rocks, particularly the orbicular granite
of upper Shoal Creek, would make attractive building stone, the areas are too
inaccessible for the rocks to be of economic interest. Limestone abounds in
the study area, but the same rocks are more readily available in other places.

Geothermal energy resources

No hot springs were seen in the Gros Ventre Wilderness Study Area and
none has been reported. The only hot spring near the area is Granite Hot
Spring on the east side of Granite Creek just south of the boundary of the
study area; this spring is the site of a small recreational development. It
is reported to flow 130 gallons per minute at a temperature of 110°F (43°C)
(Stearns and others, 1937, p. 189; Waring, 1965, p. 49). U.S. Forest Service
records at Jackson, Wyoming, showed that in 1976 the low temperature of the
hot spring for the year was 82°F (28°C), which occurred from May 29 through
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June 2, and the high temperature was 112°F (44°C), which occurred from January
16 through January 28. The heat source for Granite Hot Spring is unknown; no
post—Cambrian igneous rocks occur within the study area and except possibly
for the spring itself there 1is no evidence for the existence of any unexposed
near-surface igneous rocks. The water in the Granite Hot Spring probably was
heated at depth because of the geothermal gradient, and the Cache Creek thrust
fault may have been the conduit up which the hot water migrated.

Many of the sedimentary formations underlying the study area have rocks

suitable as reservoirs for geothermal fluids, but because of the lack of heat
sources the potential for geothermal energy resources in the area is low.
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MINING HISTORY AND PRODUCTION

Prospecting, mining, and 0il and gas activity in or near the Gros Ventre
Wilderness Study Area has been minor and mostly unsuccessful. No mineral
production is attributed to the study area.

Prospectors, lured by gold in the Snake River, came into the Jackson Hole
area in the latter half of the 19th century. One of the first prospectors was
Walter W. Delacey who, after leading a group of men into the area, prospected
for gold where the Buffalo Fork enters the main Snake River (Hayden, 1956).
Gold in the Snake River and the source rocks (Pinyon Conglomerate and Harebell
Formation) continues to attract prospectors. However, because the gold is in
very small particles that are difficult to recover, none of these ventures has
been successful.

Deadman's Bar, at the Snake River Outlook on U.S. Highways 26, 89, and
187 about 8 mi (13 km) northeast of Moose, is the site of the best known gold-
mining venture in the Jackson Hole area (Hayden, 1956). In 1886, four men
were prospecting for gold at this location; however, only one left the scene
alive. He admitted killing the other three in self defense and, for lack of
any evidence, was not convicted of murder.

The latest gold venture near the study area was in 1963, when a mill was
constructed on the Gros Ventre River near the junction with Crystal Creek to
recover gold from stream and bench-placer deposits. A few years later the
mill was dismantled. According to U.S. Bureau of Mines records, no gold
production has been reported from this venture.

About 1892, the Jackson Hole Coal Co. was formed and mined coal that
cropped out on the north side of the Gros Ventre River near what is now Upper
Slide Lake (Hayden, 1956). Later, some coal was mined on Cache Creek about 6
mi (9.7 km) southeast of Jackson. The official records do not show how much
coal was mined in the early days. The coal operation nearest the study area
is the Granite Creek Mine on Little Granite Creek, about 3 mi (5 km) south of
the study area. This mine dates from 1928 and has been operated
intermittently until the present time. According to records of the Wyoming
State Mine Inspector, about 6,100 tons (5,534 t) of coal were produced from
the mine between 1939 and 1949; no production is recorded since 1949.

0il and gas exploration activity in the vicinity of the study area began
in the late 1940's., The first hole was drilled in 1947 in sec. 27, T. 39 N.,
R. 114 W, about 4 mi (6.5 km) south of the study area. Since then, 25
additional holes have been drilled within 10 mi (16 km) of the study area.
The last one, which is on Granite Creek in sec. 35, T. 39 N., R. 114 W., was
started in 1976. As of June 1, 1978, whether this drill hole will become a
commercial gas well was still in doubt, but considerable gas had been
encountered in drilling. None of the other holes produced oil or gas;
however, four of them had oil shows.
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SAMPLING AND ANALYTICAL RESULTS

A total of 78 samples were collected in or near the study area--22 panned
concentrates, 47 chip samples, 8 grab samples, and 1 water sample. The
locations of the samples are shown on plate 2. Before the samples were
submitted for analysis, they were checked for radiocactivity with a geiger
counter. All the samples, except the water sample, were analyzed
spectrographically and fire-assayed for gold and silver. Some samples, such
as those of phosphate rock and limestone, were analyzed for specific chemical
compounds by other analytical methods. Significant results of the
spectrographic analyses and all the fire—assay results are shown in table
18. Additional analytical results of specific interest are shown as footnotes
in table 18 or in other tables.

PROSPECTS AND MINERALIZED AREAS
Swift Creek

Swift Creek is a small stream with headwaters in the south-central part
of the Gros Ventre Wilderness Study Area. The stream flows southwesterly
entering Granite Creek about 2 mi (3.2 km) south of the study area. At the
upper end of Swift Creek are Precambrian and Cambrian rocks that have been cut
by north- and east-trending faults. The Precambrian rocks are granites and
gneisses and the Cambrian rocks are limestones, shales, sandstones, and
conglomerates. A mafic dike, approximately 25 ft (7.6 m) wide and striking
S. 27° E., is exposed in this area.

A group of mining claims named Ulys 1-18 was located in 1963 at the upper
end of Swift Creek. On the recorded claim notices, it is stated that the
minerals discovered were jade and others. Prospect workings, such as small
pits, trenches, and shallow shafts, were dug by the locator of the Ulys
claims. Analyses of samples taken at these workings revealed some anomalous
mineral values.

A chip sample (No. 20) taken across a 5-ft (1.5-m) face of a small pit in
granite analyzed spectrographically 80 ppm Co, 2,000 ppm Cr, 2,000 ppm Ni, 400
ppm Pb, and 1,000 ppm Sn, but by other analytical methods 150 ppm Co, 0.39
percent (3,900 ppm) Cr, 0.16 percent (1,600 ppm) Ni, 110 ppm Pb, and less than
0.0l percent (100 ppm) Sn. A grab sample (No. 26) of the dump by a small
trench fire-assayed 0.3 oz Ag/ton (10.3 g Ag/t) and the spectrographic
analysis showed 2,000 ppm Cr, 80 ppm Cu, and 600 ppm Ni. The dump consisted
mostly of biotite, serpentine, and schist. A pilece of schist from the dump
contained a speck of molybdenite; however, molybdenum values are not anomalous
in any samples from this area. Another piece of schist from the dump
contained a speck of a light-green mineral that was 1dentified as jadeite. A
grab sample (No. 25) from a small pit, fire assayed 0.4 oz Ag/ton (13.7 g
Ag/t), but the spectrographic analysis revealed no anomalous values.

The mafic dike in the area is exposed across a width of 15 ft (4.6 m) in

a narrow gorge; analysis of a chip sample (No. 18) taken across the exposure
showed nothing of mineral significance.
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Assays of the two panned concentrate samples (No. 19 and 21), taken from
stream alluvium in the area, showed no gold and only a trace of silver, and
nothing else of mineral significance.

The mineralization indicates that metalliferous mineral deposits could be
present; however, the sampling results were not very encouraging.
Consequently, the potential for such deposits is considered low.

Dell Creek and West Dell Creek

Groups of lode mining claims were located during 1969 at the headwaters
of Dell Creek and West Dell Creek in the southernmost part of the study
area. In the recorded claim notices, uranium is mentioned as the valuable
mineral discovered. Placer mining claims were located during 1973 in the same
vicinity. According to the owner of the placer claims, uranium was the
sought-after mineral commodity. Most of the lode mining claims and all of the
placer mining claims are in the study area in unsurveyed T. 39 N., R. 112 W,
These mining claims are located in an area where the Phosphoria Formation
crops out. Here and in other parts of the study area, this formation consists
partly of phosphate rocks that contain uranium. A chip sample (No. 41), taken
across a 18-in. (46-cm) bed of phosphate rock exposed along Dell Creek,
analyzed 29.8 percent P 05 and 0.01 percent U,0,. Based on the work of
Sheldon (1963) on phosphate rock, the U40g content of the sample is typical of
the phosphate rock in the Gros Ventre Range. Phosphate rock and its
importance in the study area are discussed in a separate section in this
report. A sample (No. 39) of water, taken from a small sulfurous spring along
Dell Creek about 1/2 mi (0.8 km) southwest of sample 41, was analyzed for Cu,
Pb, Zn, Mo, U, P, F, and SO4; but the results revealed nothing of any mineral
importance.

At the headwaters of West Dell Creek, about 1 mi (1.6 km) west of
Doubletop Peak, are two prospect pits about 100 ft (31 m) apart. Two adits
lie about 500 ft (153 m) southeast of a very steep part of West Dell Creek,
about 1/2 mi (0.8 km) north of West Dell Falls. According to a local
resident, these prospect workings (pits and adits) were excavated in the
1930's.

The two prospect pits--7 and 8 ft (2.1 m and 2.4 m) long, 4 ft (1.2 m)
wide, and 2 ft (0.6 m) deep--lie in a shear zone in granite with the fractures
filled with quartz containing specular hematite. Some quartz was iron
stained. Samples (No. 42-50) of quartz veinlets, granite with quartz
stringers, granite with hematite, and granite were collected from in and
around the pits. The spectrographic analyses of two samples showed 500 ppm V
and those of five samples showed from 100 to 700 ppm Pb; however, none of
these values are considered to constitute any significant mineral potential.

The two adits lie in Madison Limestone that is on the downthrown side of
the nearby Shoal Creek Fault. Granite is exposed on the upthrown side. The
portal of the lower adit, which was driven 8 ft (2.4 m), is 30 ft (9.2 m)
above and 30 ft (9.2 m) west of the portal of the upper adit, which was driven
17 ft (5.2 m). The adits followed small fractures filled mostly with iron
oxides. Samples (No. 51-56) taken of the fracture fillings and limestone
showed nothing of mineral significance.
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Other areas

About 1/2 mi (0.8 km) south of Pinnacle Peak, and just outside the
southwest edge of the study area, is an alteration zone at the contact of the
Cambrian Flathead Sandstone and Precambrian granite. A fault with slight
displacement lies a few hundred feet north of this zone. Analyses of a chip
sample (No. 64) consisting of rock chips taken every 1 ft (0.3 m) along 25 ft
(7.6 m) in the altered quartzite, and of a chip sample (No. 65) consisting of
rock chips taken every 1 ft (0.3 m) along 18 ft (5.5 m) in the altered granite
did not show any anomalous values. A panned-concentrate sample (No. 63) of
alluvium in a small intermittent stream was taken about 1/4 mi (0.4 km)
southwest of the alteration zone. Analysis of this sample showed neither gold
nor silver or anything else of mineral importance.

According to recorded notices, three mining claims were located in 1922
in the vicinity of Shoal Lake, which is in the south-central part of the study
area. However, the descriptions of the claims in the notices are so vague
that their exact location cannot be determined. Nothing was found in the
Shoal Lake area to show where the claims may have been staked, but alteration
in granite is evident immediately north of the lake. A northeasterly trending
fault, with both sides in granite, goes through this area. Samples (No.
30-36) of altered and unaltered rock were collected; the samples consist
mostly of granite with some magnetite, hematite, and quartz. Examination of
the samples revealed only minor alteration, mostly chloritic, and some iron-
staining probably due to hydrothermal activity associated with the fault.
Analyses of the samples did not show anomalous values or anything of mineral
significance to warrant further investigation.

At the top of the eastern part of the ridge between Box Creek and Bunker
Creek in the southwest part of the study area are two prospect pits dug into
iron-mineralized rock. One pit is 5.5 ft (1.7 m) in diameter and 2 ft (0.6 m)
deep and the other, which is 32 ft (9.8 m) away, is 4.5 ft (1.4 m) in diameter
and 1.5 ft (0.5 m) deep. A mining claim, Marble F, located in 1966, was in
sec. 24, T. 40 N., R. 114 W., according to the recorded notice. The notice
states that the deposit discovered consisted of iron and other valuable
minerals. However, the exact location of the claim cannot be determined from
the description of the claim in the records, but the claim is probably in the
vicinity of the two pits. On the top of the eastern part of the ridge is a
small remnant of Pennsylvanian rocks that rests on Mississippian Madison
Limestone. The iron mineralization is in rocks of the Amsden Formation and
appears to be confined to an area about 150 ft (46 m) in an east-west
direction and 100 ft (31 m) in a north-south direction, and may be as much as
25 ft (7.6 m) deep. Limonite is present as pisolites as much as 0.25 in. (0.6
cm) diameter in red-brown shaly matrix and hematite, in discontinuous layers.

Grab samples (No. 66-67) of the dumps analyzed 13.6 and 7.5 percent Fe.
Analysis of a specimen (No. 68) of a rock containing hematite showed 39.9
percent Fe., A specimen (No. 69) consisting of the pisolites separated from
the matrix analyzed 30.7 percent Fe. Harrer (1966) discussed similar deposits
in the Amsden Formation in other places in Wyoming and concluded that such
deposits are small and erratic in quality. The deposit on the ridge between
Box Creek and Bunker Creek appears to be similar to those in the Amsden
Formation that were discussed by Harrer and, therefore, it is considered to be
of little economic importance.
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MINERAL COMMODITIES
Coal

The Jackson Coalfield is just north and the Green River Coalfield just
southwest of the study area. Coal has been mined close to the study area from
the Jackson Coalfield in Coal Mine Draw near Upper Slide Lake and from the
Green River Coalfield along Cache Creek and Little Granite Creeks; the coal
mines in these vicinities are shown on plate 4, figure 12. The coal beds at
these mines are in Cretaceous formations. The thickest coal bed--4 ft (1.2
m)--was mined along Little Granite Creek. Coal production from the Little
Granite Creek area was 6,100 tons (5,534 t) mined between 1939 and 1949. The
production from the other areas is unknown, but probably was not very large as
the coal was used locally for domestic purposes when the town of Jackson and
nearby communities were small.

Nearly all of the study area is void of the coal-bearing formations. The
only place where such formations are present in the study area is in the
extreme southeast part. The U.S. Geological Survey reports (p. 20-21) that an
8 ft (2.4 m) section of the Frontier Formation examined in this part contained
two thin beds of coal 12 in. (30 cm) and 16 in. (40 cm) thick, separated by 20
in. (50 cm) of coaly shale. This section was exposed along a steep hillside
about 1 mi (1.6 km) east of Shoal Creek. Because of the meager information
about coal in this part of the study area, the coal potential is considered
low, and the coal present, as indicated by that examined by the USGS, can only
be classified as an identified, inferred, subeconomic resource.

0il and gas

Based on a U.S. Forest Service request, the Gros Ventre Wilderness Study
Area has been withdrawn for oil and gas leasing effective June 14, 1972.
However, those leases in the study area still in effect at the time of the
above-mentioned withdrawal would still be in effect until terminated or
canceled. Places in the study area covered by oil and gas leases that were
still in effect as of the end of 1976 are shown in plate 4, figure 12. No oil
and gas exploration holes have been drilled on these leased areas nor anywhere
else in the study area. Twenty-six o0il and gas exploration holes have been
drilled within 10 mi (16 km) of the study area through the end of 1977; the
locations of the holes are shown on plate 4, figure 12. No commercial
quantities of oil and gas were discovered, but o0il shows were reported in
drill holes in the SE 1/4 SE 1/4 sec. 1, T. 42 N., R. 113 W.; NE 1/4 NE 1/4
sec. 31, T. 40 N., R. 110 W.; SW 1/4 NE 1/4 sec. 22, T. 39 N., R. 111 W.; and
NE 1/4 NW 1/4 sec. 36, T. 39 N., R. 114 W.

In July 1976, an oil and gas drill hole was started by Rainbow Resources,
Inc., on Granite Creek in the SW 1/4 SE 1/4 sec. 35, T. 39 N., R. 114 W., and
drilling was completed in April 1977. This hole is about 5 mi (8 km)
southwest of the study area. The hole was drilled to a depth of about 16,700
ft (5,094 m) and bottomed in the Frontier Formation. Five holes previously
drilled within 2 mi (3.2 km) of this hole were relatively shallow ones,
ranging from 3,000 to 9,148 ft (915 to 2,790 m) in depth. The company
reported (written commun., 1978) numerous gas shows from 9,000 to 16,700 ft
(2,745 to 5,094 m) in sandstones in the Mesaverde, Hilliard, and Frontier
Formations. The company estimated that a test in 1977 of the Hilliard
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Formation at 14,200 ft (4,331 m) would have produced between 2,000 and 10,000
MCFGPD (thousand cubic feet of gas per day) (56.6 and 283.2 Mm3GPD) had not
the test tool malfunctioned. Initial testing of the Frontier Formation was
not completed because the casing collapsed during testing; however, the
company reported that large volumes of gas and drilling mud began to flow at
the start of the test.

Rainbow Resources, Inc., planned in 1978 to start a proposed oil and gas
drill hole in sec. 6, T. 38 N., R. 113 W., about 2 mi (3.2 km) southeast of
the hole in section 35 (written and oral commun., 1978). Drilling is planned
to 17,500 ft (5,338 m) to test the Frontier Formation and underlying rocks.

The oil field nearest to the study area is the Dubois field in Fremont
County, and the nearest gas field is the Merna field in Sublette County. The
Dubois field, which is in T. 42 N., R. 107 W. about 30 mi (48 km) northeast of
the study area, was discovered in 1946. The 1977 oil production from the six
wells operating in this field was 11,299 bbls and the total cumulative
production through 1977 was 169,662 bbls (Wyoming 0il and Gas Conservation
Comm,, 1977). The oil came from the Permian Phosphoria Formation. The Merna
gas field is in T, 36 N., R. 112 W. about 15 mi (24 km) south of the study
area. Since its discovery in 1966, the production througg 1977 from the only
gas—-producing well in the field totaled 5,567 Mcf (158 Mm~) (Wyoming 0il and
Gas Conservation Comm., 1977).

0il and gas shows in nearby oil and gas drill holes and the presence of
favorable sedimentary rocks and geologic structures, such as the faults and
anticlines, indicate that parts of the study area may have good potential for
discovery of oil and gas.

Phosphate rock

Phosphorus, potassium, and nitrogen are the three most important plant
nutrients and are the basic ingredients for many fertilizers used in the
agricultural industry. Phosphate rock is the main source of phosphorus. The
United States contains some of the largest phosphate rock resources in the
world. With 7,000 million tons (6,350 million t) of total phosphate rock
resources, the United States is second only to Morocco, which has an estimated ”
60,000 million tons (54,432 million t), according to a recent assessment of
known phosphate reserves and resources (U.S. Bureau of Mines, 1976). The
United States' total resources consist of 2,500 million tons (2,268 million t)
of phosphate rock considered as reserves and 4,500 million tons (4,082 million
t) as other resources. The U.S. Bureau of Mines (1976) has projected that the
United States reserves of phosphate rock, particularly from Florida and North
Carolina, may be depleted near the end of this century, and after 1985 it may
be difficult to supply the world demand for phosphate rock from the known
world reserves.

The terms "reserves"” and "resources” used here, and elsewhere in this
report, are based on those definitions adopted jointly by the U.S. Bureau of
Mines and U.S. Geological Survey (1976) for their mineral resource
classification systems. A resource is defined as a concentration of naturally
occurring solid, liquid, or gaseous material in the Earth's crust in such form
that economic extraction of a commodity is currently or potentially
feasible. Reserves are those identified resources from which a usable mineral
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and energy commodity can be economically and legally extracted at the time of
determination. Other resources are those not classified as reserves and
consist of subeconomic identified resources and hypothetical and speculative
undiscovered resources.

A considerable part of the United States reserves and other resources of
phosphate rock are in the Western Phosphate Field, which is in parts of
Montana, Idaho, Wyoming, and Utah. The balance of the reserves and other
resources are in the southeastern United States, especially in Florida, North
Carolina, and Tennessee.

The Gros Ventre Wilderness Study Area is in the Western Phosphate Field
and contains a considerable quantity of phosphate rock and other associated
mineral commodities such as uranium, vanadium, chromium, and fluorine.
Service and Popoff (1964), in the first of five reports of the resources and
industry of the Western Phosphate Field, discuss these associated mineral
commodities as potential byproducts and coproducts of phosphate-rock
processing.

Sheldon (1963) sampled phosphate rock in the Gros Ventre Range and
calculated the amount of phosphate rock and the amount of uranium associated
with the phosphate rock. Plate 4, figure 13 shows the location of the Gros
Ventre Wilderness Study Area and the outcrops and resource blocks determined
by Sheldon (1963, pl. 10) of the Permian Phosphoria Formation in the Gros
Ventre Range. Tables 19, 20, and 21 are essentially the same as three tables
(No. 7, 12, and 21) in Sheldon's report. Table 19 shows the thickness and
grade of phosphatic and uraniferous beds used in calculating the quantity and
grade of phosphate rock and uranium. Table 20 gives the phosphate resources,
and table 21 gives the uranium resources by the individual resource blocks
shown in plate 4, figure 13. However, it should be noted that where Sheldon
(1963) used the terms "reserves” and "reserve” in his report, the terms
“resources” and "resource” are used in the corresponding tables and figure in
this report. These changes in terms were made to conform with the resource
terms used now by the U.S. Bureau of Mines and U.S. Geological Survey (1976)
and to avoid the possible inference that the phosphate rock in the Gros Ventre
Range can be mined profitably under present economic conditions. The
phosphate rock resources determined by Sheldon should be classified as
identified, inferred, submarginal resources.

Table 22 1ists the analyses of the phosphate rock and phosphatic shale
sampled in and near the study area during this investigation; the locatiomns of
these samples are shown on plate 2. The P,0q content of the sampled phosphate
rock was usually higher than that reported by Sheldon (1963). The analyses of
uranium, fluorine, chromium, and vanadium indicate that the phosphate rock
contains these mineral commodities, especially uranium and fluorine, in
quantities so that they possibly could be recovered as byproducts during
processing of the phosphate rock. The analysis of the sample (No. 2) of the
phosphatic shale indicates that this rock has practically no potential of
becoming a valuable resource for phosphorus.
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Table 22.--Analyses of phosphate rock and phosphatic shale sampled

in and near the Gros Ventre Wilderness Study Area, Wyo.

Phosphate rock Thickness P,0q F U Cr Mo v
Sample No. ft (m) percent percent percent ppm ppm pPpm
3 0.7 (0.21) 27.8 3.1 0.008 60 - <60
5 4 (.12) 25.5 3.2 .005 - - <60
10 1.2 (.37) 31.5 2.6 .009 100 - <60
11 .?5 (.23) 30.6 2.9 .007 300 - <60
12 2.0 (.61) 27.5 2.1 .008 100 -= 500
13 1.0 (.31)  29.7 3.2 012 500 - 500
14 3.3 (1.01) 30.7 3.1 ,012 500 - 500
41 1.5 (.46) 29.8 3.0 .009 500 - <60
57 2.5 (.76)  28.6 2.0 .002 600 - <60
58 2.5 (.76) 30.7 2.8 .007 500 - 1,000
59 1.0 (.31) 40.0 3.2 .006 1,000 - 500
60 5 (.15) 30.7 2.3 .006 500 - 60
61 .5 (.15)  25.7 1.7 .004 1,000 -= 60
Phosphatic shale
Sample No.
2 36.0 (10.98) 2.3 .5 <.001 100 <20 <60
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Of the nine resource blocks that Sheldon (1963) determined for the Gros
Ventre Range, block VIII is totally within the study area, and parts of blocks
II, I1I, IV, V, and VII are also within it (pl. 4, fig. 13). However, because
the Phosphoria Formation that crops out in the northeast part of the study
area has a regional dip to the northeast, most of the phosphate rock and
uranium in blocks II, III, IV, and V are outside the study area. In tables 20
and 21, no quantities of phosphate rock and uranium are shown for blocks III
and VII. The reason is that Sheldon (1963) used 3 ft (0.9 m) as the minimum
thickness of phosphate rock that could be considered minable, and the average
thickness in both blocks is less than 3 ft (0.9 m). For determining the
quantities of phosphate rock and uranium in all blocks, Sheldon (1963) used 18
percent P 05 as the cutoff grade for phosphate rock. Furthermore, he
determineﬁ for each block the quantities of phosphate rock and uranium above
and below an entry level, which would be the mine opening to provide access to
the phosphate rock. The entry level usually was assumed to be at the
elevation of the lowest outcrop of the phosphatic beds.

The amount of phosphate rock in block VIII plus that in block IV above
the entry level within the study area, is at least 247.4 million tons (224.4
million t) containing more than 24 percent P,0g; this rock also contains 23.4
million tons (21.2 million t) of uranium. If some phosphate rock below the
entry level of block IV and some in blocks II and V is included, then the
study area may contain as much as 500 million tons (454 million t) of
phnsphate rock having a P,0; content greater than 18 percent and containing
about 30 million tons (27 million t) of uranium. In addition to these
quantities of phosphate rock and uranium, there are probably large tonnages of
phosphate rock less than 3 ft (0.9 m) thick and containing less than 18
percent P O5 and 0.005 percent U. Considerable exploration work, including
much driliing and more sampling of exposed phosphate rock, would be needed to
determine precisely the quantity and grade of phosphate rock present in the
study area.

Other commodities

About 50 percent of the rock that crops out in the study area is Madison
Limestone. Table 23 lists the chemical analyses of three samples (No. 6, 8,
and 16) of Madison Limestone and a sample (No. 7) of dolomite from the Darby
Formation taken in the study area; the location of these samples is shown on
plate 2. Sample 6 was taken near the base of the Madison Limestone, sample 8
near the top, and sample 16 near the middle. The analyses of the limestone
indicate that it is of high quality and could be used for most chemical and
agricultural purposes. The analysis of dolomite also indicates that it is of
high quality and usable as flux in steel-making and for making magnesian
limes. Large quantities of limestone and dolomite are easily accessible in
the study area, especially in the vicinity of Flat, Crystal, and Granite
Creeks, but are not considered as valuable mineral resources because such
commodities are much more readily available in other places nearer to the
market areas.
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Table 23.--Analyses of limestone and dolomite sampled in the

Gros Ventre Wilderness Study Area, Wyo.

Limestone Dolomite
Sample 8 Sample 16 Sample 6 Sample 7
Percent
Calcium carbonatel/ 100.71  100.56  101.17 np2/
(CaCo0g)
Silica (51i0,) 0.38 0.24 0.16 0.38
Iron oxide (Fe203) 0.06 0.05 0.04 0.05
Alumina (Al,03) 0.19 0.12 0.14 0.21
Lime (Ca0) 56.96 56.90 57.50 31.96
Magnesia (Mg0)- 0.66 0.18 0.8 21.10
Titanium oxide (Ti0y)-=—-======== 0.02 0.02 0.03 0.02
Volatile matter 43.75 43.66 43.67 46.86
Moisture 0.04 0.01 0.06 0.03
Total (wo/CaCO4) 102.06 101.18 101.68 100.61

1/¥or the limestone samples, the percent calcium carbonate (CaCO3) is
calculated by adding the lime (Ca0) and the volatile matter which may be

considered as carbon dioxide (COZ)’

2/
~~ ND, Not determined.
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